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20.  ABSTRACT  - continued 

This  study  examined  the  state  of  the  art  and  the  projected  technology  of  sen- 
ior lystems  adaptable  to  the  combat  aircraft  engaged  in  threat  environment  In 
varied  atmospheric  weather  conditions  In  dawn,  dusk,  night  and  day  light. 

Some  of  the  advanced  sensor  systems  which  were  the  focus  of  attention  are  the 
Low  Altitude  Navigation  and  Targeting  Infra  Red  system  for  Night  (LANTIRN) • 
Target  Acquliltlon/Deslgnator  System  (TAOS),  pilot  Night  Visual  System,  . 
(PNVS),  end  Multlspectral  Target  Cuing  (MYSTIC).  These  systems  employ  some! 
technology  of  Low-Light  Level  Television  (Lj.LTV),  Forward  Looking  Infrared 
(FLIR),  Synthetic  Aperture  Radar  (SAR),  and  Laser  Radar. 

The  methodologies  of  Simula tl ng  these  sensor  systems  and  integrating  thorn  to 
the  out-of-the-cockplt  Image  generation  systems  available  at  *DL  for  full 
minion  environment  were  Investigated  and  recommendations  addressing  the 
future  additions  to  and  modifications  of  the  facilities  at  FDL  were  presented. 

The  result  of  this  study  should  enable  the  Flight  Dynamics  | i 

Laboratory  to  decide  what  further  effort  should  be  expended  In  the  area  of 
vliual  and  sensor  display  as  part  of  the  5-year  plan  for  expansion  and  Im- 
provement of  engineering  RSD  In  flight  simulation  capability. 
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SUMMARY 


In  many  airborne  scenarios,  the  use  of  sensors  to  aid  and  ex- 
pand _ t ft!  ability  and  effectiveness  of  the  flight  crew  has  become 
of  prime  intereat.  The  Flight  Dynamics  Laboratory  {FDL)  is  deeply 
concerned  with  the  evaluation  of  innovative  concepts  in  flight  con- 
trol and  consequently  has  defined  a need  for  a simulation  facility 
which  supports  experiments  in  this  area. 

There  are  many  sensors  and  technologies  emerging  which  might 
^flufnoe' flight  and  mission  control.  The  myriad  of  possibilities 
must  be  simulated  effectively  by  providing  capabilities  in  major 
areas  and  then  allowing  sufficient  flexibility  to  tailor  the  simu- 
lation to  specific  experimental  and  mission  requirements. 

:'tthe ’pilot  is  recognised  as  an  integral  part  of  the  total 
flight  control  system  and  FDL  is  actively  involved  in  experiments 
to  integrate  and  correlate  new  system  technologies  which  result  in 
crewffWr£load  reductions.  FDD's  simulation  facility  must  there- 
for#  responsive  to  the  sensor  related  advancements  in  flight 
technology. 


This  study,  then,  examines  the  advanced  sensor  simulation 
requirements  at  FDL  and  proposes  solut'ons  which  lie  within  the 
constraints  of  available  technology  and  the  Statement  of  Work 
(SOW) . 


A simulator  facility  allows  rapid  design  and  execution  of 
experiments  which,  in  the  real  world,  might  cause  costly  hardware 
changes  or  dangers  to  crew  members.  The  simulation  also  allows 
the  introduction  or  exclusion  of  factors  which  may  focus  the 
experiment  more  clearly  on  specific  sensor-associated  areas  of 
interest. 


In  order  to  arrive  at  simulation  hardware  conf iguratione  and 
system  specifications,  it  ii  necessary  to  examine  the  types  of 
sensors  and  the  mission  environments  which  are  of  concern  to  PDL. 
These  areas  of  interest  are  defined  in  the  5-Year  Plan  and  include 
the  following  sensors*  television  (TV),  low-light-level  TV 
(LLiTV),  infrared  (XR),  forward-looking  IR  (FLIR),  forward-looking 
radar  (FLR),  synthetic  aperture  radar  (BAR),  and  laser  radar. 

Sensors  fall  into  two  general  categories*  radar  devices  and 
eledtro-optioal  (E-0)  devices*.  In  the  first  category,  only  air- 
borne radars  were  considered  in  light  of  FDL  requirements.  The 
study  notes  that  although  changes  are  taking  place,  the  technology 
is  mature  and  no  fundamental  changes  are  expected  in  the  near  fu- 
tura.What  is  expected  are  changes  in  processing  capability  and 
automation  as  a function  of  improvements  in  on-board  and  dedicated 
processing  capabilities.  The  major  implication  is  that  as  radar 
becomes  more  digitally  oriented  and  as  computer  symbology  and  de- 
cision making  becomes  more  extensive,  the  digital  radar  simulation 
techniques  become  more  feasible.  Existing  analog  radar  simulation 
devices  can  be  used  to  give  interim  capability  until  the  cost  end 
acquisition  burdens  of  a more  sophisticated  system  can  be  over- 
come. 


Electro-optical  sensors  have  been  the  target  of  more  techni- 
cal activity  and  advancemente  which  will  affect  simulation.  The 
simulation  will  have  to  respond  to  varying  fields  of  view,  to  vari- 
ous resolutions,  and  to  many  different  sensor  signatures.  When 
atmospheric  end  weather  attenuations  are  added,  the  simulation 
problems  become  extremely  complex.  Only  a digital  image  generator 


•Technically,  there  is  a third  category  of  far  infrared  (FIR) 
sensors  operating  at  wavelengths  beyond  30  micrometers;  however, 
these  sensors  can  be  simulated  by  the  same  techniques  used  for  E-0 


has  the  flexibility  to  handle  all  of  these  problems  and  still  pro- 
vide a real-time  interface  to  flight-control.  Again,  existing 
hardware  can  be  used  to  gain  interim  capability  through  judicious 
modif icationa. 

Two  program*  aponaored  by  FDL  are  typical  examples  of  sensor- 
oriented  research  and  the  type  of  missions  concerned.  The  Inte- 
grated Flight/Fire  Control  (IF/FC)  program  and  the  Integrated 
Flight/Weapon  Control  (IF/WC)  program  both  use  sensor  derived  data 
(electro-optical  aenaor/trackor ) to  enhance  flight  maneuvers  for 
better  accuracy  in  weapons  delivery.  The  Low  Altitude  Navigation 
and  Targeting  Infrared  System  For  Night  (LANTIRN)  is  another  exam- 
ple of  mission  and  hardware  requirements  which  this  simulation 
must  support.  LANTIRN  is  an  advanced  system  combining  low-level, 
night,  and  adverse  navigation  with  target  acquisition  and  weapons 
delivery.  A wide  f ield-of-view  IR  sensor  is  employed  for  naviga- 
tion with  a narrow  f ield-of-view  capability  for  target  acquisition 
weapon  delivery.  Other  advanced  sensor  systems  like  Target  Acqui- 
sition Designation  Sight  (TADS)  and  Pilot  Night  Vision  Sensor 
(FNVfl)  providt  ths  aircraft  pilot/gunnsr  with  day,  night,  and 
advsrae  weathsr  targst  acquisition  capability  by  meant  of  direct 
view  optice  (DVO),  day  televiaion  ( DTV)  and  FLIR  sighting  subsys- 
tem! need  to  be  simulated. 

In  general,  the  requirements  for  senBor  systems  lie  in  the 
following  areast 

o Reconnaissance 

o Navigation 

o Target  Acquisition 

o Fire  Control 

o Weapon  Guidance 

with  major  emphasia  on  crew  survival  and  effectiveness. 

The  simulation  facility  must  support  not  only  current  pro- 
grams, but  must  contain  sufficient  flexibility  to  accommodate  new 


vii 


developments  throughout  the  next  decade  and  support  the  eventual 
goal  of  total  mission  simulation. 

In  order  to  obtain  simulation  capabilities  at  a reasonable 
cost  and  in  a reasonable  time,  the  bounds  of  current  technology 
must  not  be  exceeded.  Only  three  types  of  image  generators  meet 
these  requirements.  These  are  the  camera  model  system,  the  digi- 
tal image  generator  (DIG),  and  film  or  video  tape  systems.  The 
study  examines  each  in  detail  and  concludes  that  the  DIG  is  the 
preferred  solution. 

However,  the  existence  at  FDL  of  simulation  hardware  such  as 
camera  models  systems  (MS)  and  a T-10  analog  radar  landmass  simu- 
lator (ARLMS),  along  with  acquisition  costs  and  time,  create 
restrictions  which  affect  the  selection  and  performance  of  new 
hardware.  The  study  proposes  a modification  program  to  gain 
interim  capability  through  the  use  of  existing  CMS's.  Although 
these  systems  are  inherently  limited  in  gaming  area,  resolution, 
and  field  of  view,  certain  sensor-related  missions  can  be  simu- 
lated. It  is  necessary  to  limit  performance  to  specific  corridors 
and  to  rather  large  fields  of  view  (<15°),  but  with  the  addition 
of  analog  video  processing,  certain  sensors  (such  as  the  LANTIRN 
navigation  requirements)  can  be  effectively  simulated. 

The  T-10  analog  radar  landmass  simulator  is  not  easily 
changed,  but  because  of  the  cost  of  a digital  system,  modifi- 
cations must  be  considered.  It  is  well  known  that  the  United 
States  Air  Force  is  actively  involved  in  a similar  T-10  upgrade 
program.  This  study  considers  the  desired  goals  of  that  program 
and  recommends  that  FDL  take  advantage  of  developments  under  this 
contract . 

Finally,  the  study  concludes  that  the  long-term  goals  cannot 
be  met  by  up-grading  existing  hardware.  Attainment  of  the  ulti- 
mate goals  of  simulation  fidelity,  total  mission  simulation,  and 
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real-time  interface  to  advanced  flight-control  hardware,  requires 
the  acquisition  of  new  advanced  simulation  hardware.  The  charac- 
teristic* of  th#  recommended  hardware  are  given  along  with  cost 
considerations  and  facility  impact. 

In  recognition  of  the  many  factors,  a multi-step  approach  to 
upgrading  the  senaor  aimulation  at  FDL  is  recommended.  Such  a 
plan  will  provide  useful  capabilities  over  the  interim  period 
during  which  funding  and  new  hardware  will  be  obtained. 

The  sequential  approach  would  modify  the  existing  camera- 
modsl  systsms  to  gain  IR  and  TV  capability,  modify  the  existing 
T-10  ARLMS,  and  start  acquisition  procedures  for  a digital 
facility. 

A total  modernization  of  the  FDL  facility  should  be  consider- 
ed as  a long-term  goal.  The  emerging  sensor  technology  provides  a 
much  higher  capacity  for  information  than  current  systems  and  simu- 
lation of  these  systems  will  demand  new  approaches  that  reach 
beyond  the  practical  and  often  theoretical  limits  of  current  or 
even  upgraded  FDL  equipment.  The  new  equipment  will  include  an 
all-digital  approach  to  sensor  simulation  with  a computer  image 
generation  (CIG)  and  a digital  radar  landmass  simulator  ( DRLMS)  as 
the  major  elements.  Thia  approach  is  the  most  technically  sound, 
and  provides  the  flexibility  and  expansion  capability  to  stay 
abreast  of  senaor  technology. 
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1.0  INTRODUCTION 


The  Engineering  Simulation  Group  of  FDL  plana  and  conducts 
ground-based  engineering  simulations  for  the  purpose  of  design 
evaluation  and  refinement  of  advanced  aircraft  concepts  and  flight 
* oontrol  technologies  under  realistic  mission-task  environments. 

In  1978#  to  maintain  continued  advancement  in  the  development  of 
- > engineering  flight  simulation,  FDL  prepared  a long-range  plan  for 

updating  the  engineering  simulation  laboratory  to  keep  pace  with 
f"  " changes  in  flight  control  technology.  One  off  the  primary  consider- 

::  ••  ations  off  this  long-range  plan  was  the  need  for  expanded  capabili- 

ties to  facilitate  simulation  of  advanced  sensor  displays,  a tech- 
nology which  is  emerging  in  response  to  the  significant  potential 
off  advanced  sensors  in  certain  tactical  airborne  scenarios.  Appli- 
cable sensors  include  television  (TV),  low-light-level  TV  (LLLTV) , 

ViL-rStV  i-.  . . 

infrared  (IR)#  forward-looking  IR  ( FLIR) , forward-looking  radar 
(FLR)i  synthetic  aperture  radar  (SAR),  electro-optical  scanner 
traokars,  laser  radar,  etc.  The  objectives  of  this  study  are  to 
daffine,  examine,  and  evaluate  alternative  approaches  for  simula- 
tion off  those  sensor  displays  which  are  likely  to  be  integral  to 
FDL  research  in  the  next  decade. 

1.1  8C0PE  OF  STUDY 

Link  Flight  Simulation  Division  of  The  Singer  Company  has 
performed  a study  which  systematically  examines  the  major  elements 
of  providing  airborne  sensor  display  simulation  capabilities. 

These  elements  include  not  only  sensors  and  their  capabilities 
throughout  the  1980's  and  early  1990's,  but  also  the  associated 
mission  requirements  and  state-of-the-art  (SOTA)  simulation 
technology. 

The  performance  parameters  of  each  study  element  were  evalu- 
ated and  compared  in  an  effort  to  reduce  the  possibilities  to 
viable  systems  concepts. 
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Mission  requirements  were  examined  only  to  the  level  of 
detail  necessary  to  define  simulation  hardware.  The  suggested  con- 
cepts are  not  based  on  any  specific  mission  details,  but  try  to 
meet  the  generic  and  varied  experimental  requirements  of  FDL. 

Although  the  scope  of  this  study  does  include  cockpit  dis- 
plays, the  primary  effort  concerns  the  image  generator.  Display 
technology  is  mature  and  changes  are  slow  in  the  cockpit  environ- 
ment. In  fact,  display  format  and  crew  workloads  are  subjects  of 
experiments  which  this  hardware  must  support.  In  order  to  allow 
the  freedom  necessary  for  these  experiments,  this  study  considers 
cockpit  display  devices  only  in  general  terms. 

1.2  REFORT  FORMAT 

The  format  of  this  report  follows  the  chronological  progres- 
sion of  research  required  to  complete  the  study  objectives.  This 
format  was  selected  to  provide  firm  documental  backup  for  the  pro- 
posed recommendations  and,  further,  to  establish  a foundation 
which  reflects  the  scope  of  the  current  endeavor  and  upon  which 
FDL  can  base  decisions  for  additional  research  and  investigations. 

It  is  important  to  acknowledge  that  sensor  simulation  is  an 
emerging  technology  and  as  such  has  appeared  with  little  defini- 
tion to  encompass  a seemingly  endless  array  of  actual  and  con- 
ceptual sensor  devices  and  utilizations.  Consequently,  it  has 
been  necessary  to  constrain  the  scope  of  this  study  in  order  to 
allow  concentration  on  the  development  of  useful  and  realistic 
recommendations.  This  has  been  accomplished  by  determining  a set 
of  simulation  requirements  based  on  formal  projections  of  FDL's 
sensor  utilization  and  predicted  characteristics  of  the  sensors 
involved . 

As  an  initial  step  in  determining  utilization  requirements, 
the  first  section  of  this  report  considers  the  user,  primarily 
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through  examination  of  FDL'a  "Plan  tor  Improvement  of  Engineering 

Plight  Simulation  Capability"  (FY  79  to  84),  harain  reftrred  to  as 
the  3-Ytar  Plan.  Summarised  in  the  5-Year  Plan  are  FDL's  objec- 
tives and  scope  regarding  sensor  simulation,  existing  equipment, 
currant  sensor  capabilities  and  limitations,  simulators  with  pro- 
jected sensor  requirements,  associated  mission  requirements,  key 
senior  issues,  and  related  concepts  associated  with  FDL's  long- 
range  plans. 


' V Although  missions  are  briefly  discussed  in  the  5-Year  Plan 
Analysis,  a separate  report  section  is  included  (Section  4.0) 
which  expands  on  the  sensor-oriented  mission  segments  which  are 
expected  to  be  encountered  in  the  Engineering  Simulation  Labora- 
tory. This  section  is  derived  from  numerous  sourceo,  including 
fDL;,e  5-Vear  Plan,  FDL's  Total  Mission  Steering  Qroup  directives, 
PDL  Mission  profiles  developed  for  the  Logicon  DIG  study,  current 
mission-oriented  technical  reports  and  articles,  and  mission  pro- 
jections received  from  sensor  vendors.  Section  4.0  develops  sen- 
sor simulation  requirements  diotated  by  the  anticipated  missions. 
TheSs  requirements  include  the  applicable  sensors,  the  tactical 
environment  (gaming  area,  targets,  threats,  etc.),  and  the  physi- 
cal environment  (terrain,  weather,  smoke,  etc.).  Also  delineated 
are  requirements  associated  with  the  engineering  aspects  of  the 
mission  simulations,  such  as  air-to-ground  weapon  delivery  accur- 
acies and  hit  indications. 

Section  3.2  provides  additional  detail  about  the  simulation 
requirements  by  determining  those  requirements  which  sre  dictated 
by  the  applicable  sensors.  This  section  summarises  the  state  of 
the  art  of  the  various  sensor  types,  notes  the  associated  param- 
eters, and  provides  quantitative  value*  representative  of  actual 
or  i.nticipated  systems. 

The  combination  of  mission  and  sensor-oriented  requirements 
constitutes,  in  effect,  a specification  scope  which  encompasses 
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FDL's  projected  sensor  simulation  needs.  All  sensor  simulation 

approach*!  pr*«*nt*d  in  this  report  have  been  developed  within 
this  scope.  Each  approach  represents  varying  degrees  of  sophis- 
tication, cost , and  utility  within  the  specified  scope. 

Before  the  discunsion  of  feasible  simulation  approaches,  an 
intermediate  section  (Section  5.0)  is  included  which  analyzes  the 
state  of  the  art  of  those  simulation  technologies  which  have  been 
considered  in  this  study  for  their  potential  in  sensor  simulation. 
Included  are  camera-model  systems,  laser  image  generators,  film  or 
tape  systems.  Defense  Mapping  Agency,  Aerospace  Center  ( CMAAC ) 
data,  video  processing,  DIG,  radar  simulation,  and  electronic 
countermeasures  (ECM)  simulation.  Analysis  of  this  section,  in 
comparison  with  the  developed  simulation  requirements,  should 
readily  show  why  each  recommended  approach  has  been  Included  in 
this  report  and  why  certain  possible  approaches  have  not  been 
recomme  nded. 

Section  6.0  discusses  two  proposed  sensor  simulation  ap- 
proaches. The  first  approach  would  use  existing  or  modified  FDL 
equipment.  The  second  approach  would  require  supplemental  equip- 
ment. Parametric  and  cost  comparisons  are  subsequently  provided. 
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2.0  STUDY  METHODOLOGY 


The  general  approach  to  trta  study  ia  shown  in  Figure  2.0-1. 
Data  waa  gathered  from  five  major  sources  and  subsequently  an- 
alysed to  satisfy  the  major  objectives  of  the  study. 


In  order  to  define  the  sensors  and  the  tactical  environment 
in  which  they  operate,  an  extensive  literature  search  was  con- 
ducted. Both  vendor  and  user  agencies  were  contacted  to  gain 
further  understanding  of  current  equipment  and  its  useage.  These 
contacts  also  provided  data  on  future  trends  of  sensor  equipment 
and  mission  scenarios. 


Onoe  the  sensor  characteristics  were  known  and  the  mission  rs- 
^:^:;:v:i''lv,-  quit’emants'  were  determined,  the  state  of  the  art  of  simulation  was 
analysed  for  applicable  technology.  The  net  results  are  a state- 
ment of  the  simulation  problem  and  a description  of  available 
simulation  hardware,  its  capabilities,  and  future  potential. 

-,'W.  v-'  ■ 

U.";’1.  •'  ’ k-- 

’ As  part  of  the  data  gathering  process,  the  study  also  ex- 
amined the  specific  simulation  requirements  of  the  Flight  Dynamics 
Laboratory  and  the  existing  inventory  of  equipment.  The  study 
then  developed  alternative  plans  to  modify  existing  software  and 
hardware  at  the  Engineering  Flight  Simulation  Facility  and  identi- 
fied additional  equipment  necessary  to  simulate  the  major 
capabilities  and  charactsr istics  of  the  sensor  displays  of 
importanct  to  the  human  operator. 


Thia  waa  accompliahad  by  making  par  amt  trie  comparisons  of 
various  simulation  approaches  and  then  combining  those  into 
» various  system  configurations  which  meet  the  necessary  sensor 

requirements  end  simultaneously  attempt  to  use  existing  hardware 
• to  maximum  advantage. 
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Figure  2.0-1  GENERAL  APPROACH 


In  summary,  the  study  presents  the  most  viable  solutions  in  great- 
er detail  and  makes  recommendations  for  the  moat  cost-effective 

system  approaches. 


3.0  STUDY  DETAILS 


3.1  DATA  ACQUISITION 

3.1.1  facility  familiarisation. 

Real-time  man-in-the-loop  flight  anginaaring  aimulation  it  a 
closed-loop  technology  coupling  tha  designer,  tha  simulated  sys- 
tem, and  pilots  ao  that  concaptual  systems  may  be  avaluatad  and 
refined  prior  to  tha  davalopmant  of  full-acale  aircraft  ayatama. 
Significant  coat  and  time  aavinga  ara  raaliaad  whan  a concapt  can 
be  avaluatad  in  an  anginaaring  aimulation  prior  to  intagration  in 
a boat  aircraft.  Thia  ia  aapacially  obvioua  whan  ona  conaidara 
that  numavoua  minor  modif icationa  to  tha  original  concapt  may  ba 
fcUkdlly  accommodated  in  an  anginaaring  aimulator  wharaaa  amall 
ohangei  to  an  alroraft  ayatam  might  aaaily  require  a major  ayatam 
radaaign,  Anothar  advantage  of  anginaaring  aimulation  ia  tha  ver- 
aatility  afforded  tha  daaignar  in  relation  to  environment,  both 
fh^lieal  and  taetical.  Daairad  environmental  factora  can  ba  in- 
cluded and  varied  on  a taat-by-taat  baaia.  Undeairable  factora, 
Which  may  be  uncontrollable  in  real-world  evaluationa,  may  be  con- 
veniently left  out  of  a aimulation.  The  primary  drawback  and  main 
challenge  of  aimulation  ia  tha  limit  to  tha  amount  of  raaliam 
which  oan  ba  areated,  both  in  tarma  of  tha  concaptual  ayatam  and 
the  environment  in  which  ita  operation  ia  ultimately  intended. 

Each  aimulation  raquiraa  a balance  between  tha  higher  costa  associ- 
ated with  increased  levels  of  realism  and  tha  amount  of  represen- 
tative realism  required  to  make  tha  aimulation  believable  to  the 
pilot.  Engineering  aimulations  can  ba  beneficial  only  whan  they 
ara  realistic  enough  for  tha  pilot  to  react  essentially  tha  same 
as  ha  would  under  real-world  conditions. 

FDL  performs  man-in-the-loop  engineering  simulations  to 
evaluate  various  innovative  concepts,  including  flight  control 
tachnology.  Tha  association  of  advanced  sensors  to  flight  control 
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technology  may  not  be  obviously  apparent;  however,  the  relation- 
ship can  be  indirectly  traced.  In  past  years  the  focal  point  of 

integrated  aircraft  ayatem  operation  haa  been  the  pilot  (or  the 
crew).  For  example,  a tactical  pilot,  haviny  received  extensive 
training  in  the  capabilities  and  limitations  of  hia  aircraft's 
basically  independent  flight  and  weapon  subsyatema,  would  fly  his 
aircraft  in  a manner  which,  in  hia  judgement,  would  moat  effec- 
tively complement  the  capabilitiea  of  the  weapon  ayatem.  Of 
course,  in  combat  situations  (especially  in  dense  threat  environ- 
ments) this  would  be  only  ons  of  numerous,  almost  simultaneous 
judgments  required  of  the  pilot.  FDL  is  dedicated  not  only  to  op- 
timising flight  control  systems  but  alio  to  optimizing  their  use. 

Accordingly,  it  has  long  bean  racognized  that  tha  pilot  is  an 
integral  component  of  flight  control  technology.  Extenaive  stud- 
ies have  been  conducted  by  FDL  in  efforts  to  raduce  pilot  workload 
sothattha  total  ef fsctivanasa  of  tha  inttgratad  pilot-aircraft 
•yatam  could  be  increased.  Due  to  the  closed-loop  nature  of  engi- 
neering simulation  and  FDL' s associated  responsibilities  in  gener- 
ating flight  control  apecif icationa,  many  of  the  results  of  these 
studies  art  now  being  incorporated  in  new  aircraft  aubsystam 
designs.  On  a largar  scale  it  may  be  stated  that  research  by  FDL 
and  similar  institutions  has  resulted  in  a new  philosophy  in 
military  aircraft  development,  wherein  subsystems  which  used  to  be 
designed  (specified)  independently  to  be  optimizod  for  their  indi- 
vidual roles,  are  more  and  more  often  designed  with  the  complimen- 
tary aubayetem  technologies  in  mind  so  that  one  optimum  total  air- 
craft results.  A significant  factor  contributing  to  the  feasibil- 
ity of  this  philosophy  has  been  the  enormous  advancements  made  in 
digital  technology,  especially  in  circuit  miniaturization  and  com- 
putational speeds.  These  advances  are  allowing  the  incorporation 
of  increasingly  aophisticated  electronic  packages  (including  high- 
capacity  on-board  computers  and  advanced  sensors)  in  the  same  re- 
stricted airframe  space  previously  filled  by  bulkier  and  less 
cspsblt  generations  of  electronics.  Interdependently  designed  eub- 
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systems  are  rapidly  evolving  into  integrated  subsystems.  An 
example  of  an  integrated  design  would  be  a flight  control  system, 
designed  with  the  weapon  system  capabilities  in  mind,  but  also 
designed  to  receive  real-time  inputs  from  the  weapon  system  which 
would  directly  affect  the  operation  of  the  flight  controls  under 
certain  conditions.  In  essence,  an  important  aspect  of  the  state 
of  the  art  of  applied  flight  control  technology  is  the  correlation 
and  integration  of  complementary  technologies.  FDL  is  actively  in 
volved  in  evaluating  methods  to  exploit  expanded  computational 
capabilities  and  integrated  system  techniques. 

Two  programs  currently  being  sponsored  by  FDL  are  typical  of 
the  sensor-oriented  research  that  can  be  anticipated  in  the 
engineering  simulation  laboratory  and  also  clearly  illustrate  the 
assooietion  of  sensors  and  advancsd  flight  control  technology. 

The  Integrated  Flight/Fire  Control  (IF/FC)  program  and  the  Inte- 
grated "1 ight/Weepon  Control  (IF/WC)  program  both  evolved  from  the 
recently  developed  Firefly  fire  control  concept.  Under  this  con- 
cept, information  derived  from  advanced  electro-optical  senior 
trackers  ie  fed  via  a fire  control  computer  to  the  aircraft'  a 
eutopilot/fl ight  control  eystem  to  maneuver  the  fighter  more  ac- 
curately into  firing  position.  Simulations  of  the  Firefly  concept 
have  ehown  significant  increases  in  hit  probability  and  aircraft 
survivability.  The  IF/FC  program  (using  unguided  weapons)  and  the 
subeequent  IF/WC  program  (using  guided  weapons)  both  seek  to  inves 
tigate  the  improved  combat  effectiveness  possible  through  integra- 
tion of  the  flight  and  fire  control  (weapon)  systems.  The  use  of 
flight  simulators  readily  allows  comparison  of  manual,  semi-auto- 
matic, and  fully  automatic  operations  in  a dense  threat  environ- 
ment. 


FDL's  enginee/ing  simulation  laboratory  must  develop  advanced 
sensor  simulation  capabilities  so  that  the  facility  can  be 
responsive  to  the  sensor-associated  advancements  which  are  emerg- 
ing in  flight  control  technology. 


Equipment  currently  at  FDL's  simulation  laboratory  can  be 
divided  into  three  categories:  computers,  simulators,  and  simu- 
lator complementary  systems,  including  hardware  to  facilitate 
visual  and  radar  simulations. 

For  the  purpose  of  this  study  it  is  assumed  that  FDL's  flex- 
ible complement  of  analog  and  digital  computers  can  quite  readily 
accommodate  any  main  frame  software  requirements  associated  with 
the  recommended  approaches  to  sensor  simulation.  This  assumption 
is  readily  justified  on  the  basis  that  this  study  is  primarily 
involved  with  the  evaluation  of  dedicated  video  sources  (model- 
boards,  DIG,  etc,)  which  generally  require  only  minimal  interface 
support  from  the  main  simulation  computer  system.  Moreover, 
sensor-associated  simulations  which  are  recommended  as  software 
implementations  (e.g.,  electronic  warfare  (EW)  environment)  are  of 
the  type  which  may  be  applied  with  more  or  less  sophistication  for 
each  simulation  (requiring  more  or  less  computer  space)  as  dicta- 
ted by  the  associated  engineering  team's  interpretation  of  the 
sensor's  relative  importance  in  relation  to  other  areas  of  the 
total  simulation  design. 

Existing  FDL  simulators  include  a multi-crew  transport/ 
bomber  on  a three-degree-of-freedom  motion  base,  a side-by-side 
two-place  fighter/bomber  (F-lll  equivalent)  on  a f ive-degree-of- 
freedom  motion  base  and  the  Large  Amplitude  Multimode  Aerospace 
Simulator  (LAMARS)  which  allows  large-amplitude  motion  cuing  in 
f ive-degrees-of-freedom.  Relevant  limitations  noted  in  the  5-ifear 
Plan  are  the  very  limited  displays  in  the  fighter/bomber,  and  the 
lack  of  a tandem  cockpit  in  the  LAMARS.  FDL  also  has  time-shared 
access  to  the  Avionics  Laboratory's  (AL)  Digital  Avionics  Informa- 
tion System  (DAIS)  close-air  support  cockpit.  As  part  of  the 
5-Year  Plan,  moreover,  FDL  intends  to  develop,  by  1984  , an 
Advanced  Fighter  Station  (recently  redesignated  as  the  Total 
System  Integration  Simulator  (TSIS))  which  will  allow  single  and 
tandem  simulations  and  will  include  advanced  multiplexed  displays 
and  a large  f ield-of-view  visual  system. 
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Existing  FDL  complementary  simulation  hardware  includes  an 
American  Airl  ine  s/Redifon  rigid  model  visual  system  with  an  asso- 
k clettd  duoviev  display  projection  system)  the  LAMARS  visual  syatam 
including  sky/ear th  projector,  camera-model  target  generator,  and 
target  projector;  an  early  generation  General  Electric  computer 
inage  generator  (CXG)  system)  and  an  analog/digital  radar  landmaas 
simulator* 

Model boards  are  of  two  different  scalest  a 5000:1  scale, 
covering  12.3  by  37.8  nmi  with  an  altitude  range  of  100-20,000  ft; 
.a  lftOOil  scale  detailed  airport  blow-up  from  the  5000:1 
t . J ; board # c ove ring  3.7  by  11.7  nmi  with  an  altitude  range  of  12-3000 
In  anticipation  of  model  board  use  in  eeneor  simulation,  FDL 
r:'  * has  contracted  the  DMAAC  to  draw  up  topographical  maps  and  create 
■ data  bases  (DDB)  for  both  modelboards.  it  should  be 
. noted,  however,  that  DMAAC  is  only  developing  elevation  data  basee 
and  i.e  nbt  oreating  feature  or  cultural  files,  although  the  cultur- 
h':  al  file  is  a possibls  add-on  itsm.  Thus  data  will  be  available 

"following  (TF)  and  terrain  avoidance  (TA)  aimulatione 
but  data  will  not  be  available  for  correlated  DIG  generation  of 
detailed  eeneor  imagery. 

iy  FDL's  existing  terrain  model  eystem  has  no  moving  targets  and 

has  a limited  dive  angle  capability  due  to  restricted  pitch 
excursion*  (25*  to  -48*)  in  the  probe  mechanieme.  Also,  it  should 
be  noted  that  ths  pointing  accuracy  and  position  repeatability  of 
the  preeent  probe  ia  much  poorer  than  the  probe  capabilities 
. available  in  state-of-the-art  aystems.  The  5-Year  Plan  recommend* 
procurement  of  an  accurate  high-pitch  angle  probe)  however,  the 
price  of  such  a system  hae  been  prohibitive.  FDL  recognizes  the 
need  for  an  accurate  probe  to  facilitate  meaningful  air-to-surface 
weapons  delivery  studies  and  accordingly  la  still  actively  seeking 
to  procure  such  a device.  The  camera  system  associated  with 
terrain  models  is  simultaneous,  3-channel  color  and  operates  on  a 
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625-line  European  video  standard.  It  is  being  converted  to  oper- 
ate as  a 60-hertz  525-line  color  or  1000-line  black  and  white 

system. 

A relevant  subsystem  of  tha  LAMARS  viaual  equipment  is  the 
phyaical  model  target  image  generator  which  includes  a camera 
aystam  imaging  on  a gimballed  aircraft  model;  the  combination  of 
the  two  producing  a target  for  air-to-air  simulations.  Currently 
the  model  ia  mounted  in  a lucite  sphere  which  tends  to  slip,  pro- 
ducing tracking  errors  under  highly  dynamic  maneuvers.  The  5-Year 
Plan  indicates  intended  procurement  of  a state-of-the-art  gimbal 
system. 

As  part  of  the  5-Year  Plan,  FDL  is  analyzing  the  state  of  the 
art  of  CXQ  systems  and  plans  to  procure  an  advanced  system.  A 
relevant  aspect  of  FDL' a analysis  is  the  capability  of  advanced 
CIQ's  to  provide  sensor  simulations. 

FQL's  existing  radar  landmass  system  consists  of  generalized 
radar  software  coupled  with  a Singer-Link  F-111A  tri-color  plate 
analog  landmasa.  However,  this  system  does  not  include  the 
electronics  required  for  the  original  F-111A  radar  landmass  capa- 
bilities of  TF/TA. 

As  clearly  stated  in  the  5-Yoar  Plan  and  further  evidenced  by 
sponsorship  of  this  study,  FDL  has  virtually  no  existing  capa- 
bilities for  advanced  sensor  simulation.  The  only  equipment  which 
could  be  considered  as  representing  a sensor  capability  is  the 
radar  landmase  simulator.  However,  the  operational  character- 
istics of  the  decade-old  analog  portion  falls  far  short  of  being 
adequate  to  simulate  the  performance  of  state-of-the-art  radar 
eyetems,  especially  with  the  added  consideration  that  the  original 
terrain  avoidance  and  terrain  following  features  are  not  avail- 
able. 


13 


A pseudo-sensor  simulation  capability  which  may  be  made  avail- 
able to  FDL  on  a short-term  basis  is  the  CIG/DAIS  visual  sensor 

^ Simulator • This  low-cost  system  developed  for  DAIS  by  Technology 
. Incorporated  uses  Analog  video  processing  techniques  to  generate 
vepcstsntmtiv*  sensor  imagery  from  a terrain  board  video  signal. 
l$$toy  iftf  - such  techniques  as  video  bandwidth  reduction,  edge 

noise  summation,  and  linear  and  nonlinear  transfer 
"fuifctlonav  this  system  is  capable  of  pseudo-simulating  llltv, 

Ftrlfcy  TLRt  and  BAR.  The  original  video  signal  can  also  be  used 

visual  display.  The  main  drawback  of  the 
Mhior  simulator  is  that  it  provides  representative 
lm,|g«ry,  not  actual  target  signatures  (i.e.,  IR  and/or  microwave), 
'y  :v^";jWi:thout  the  capability  for  proper  target  signatures  (especially  IR 
•1  ;.%f 'ho*  4S&t a )■,- • -FDL  does  not  consider  suoh  a system  adequate  for  its 

simulation  requirements. 


Aja  an  aid  in  directing  the  scope  of  this  study,  several  spe- 


. r 


gdistiorts  were  generated  which  sought  to  refine  FDL's 
„ J . »#  h t a , Subsequently,  excerpts  were  collected 

n Plan  which  related  to  each  question.  Each  group 
Of  excerpts  was  then  collectively  assessed.  The  remainder  of  this 
Motion  documents  those  assessments,  The  analysis  was  performed 
-in  relation  to  each  of  the  following  questions i On  what  type  or 
types  of  aircraft  will  FDL  be  required  to  perform  sensor  simu- 
« lations?  What  types  of  missions  will  be  involved?  What  will  be 

J.  sought  to  be  proven  in  these  simulations,  or  as  stated  in  the 

3-year  Plan,  what  are  the  issues?  What  is  the  time  frame  for  im- 
- plementation?  Also,  in  ths  performance  of  this  analysis,  various 
independent  statement*  were  noted  which  were  deemed  pertinent  to 
this  study;  these  ere  also  discussed. 


Table  6 of  the  5-Yier  Plan  summarises  a survey  mad*  by  FDL  of 
potential  users  of  the  engineering  simulation  laboratory.  Four  of 
the  potential  simulations  included  a requirement  for  sensor 
diepleys,  Of  thee*,  three  were  specifically  designated  for  the 
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forthcoming  TSIS  cockpit.  The  fourth,  called  IF/FC,  is  assumed  to 

rsfer  to  « program  aimilar  to  the  aarlier  IF/FC  and  IF/WC  pro- 
gram*, both  of  which  are  associated  with  fighter  aircraft.*’  The 
3-Year  Plan's  subsequent  analysis  of  trends  in  aircraft,  as  relat- 
ed to  simulation  capability  readiness,  includes  sensor  applica- 
tions in  all  three  basic  classifications  of  fighter  aircraft  — 
close-air  support,  tactical  strike,  and  air  superiority.  The  only 
implication  of  sensor-oriented  research  on  another  aircraft  type 
is  the  mention  of  long-term  studies  for  bomber  penetration  and  sur- 
vival.  As  indicated  in  Section  4.0  of  this  report,  however,  pene- 
tration and  survival  are  also  anticipated  elements  of  required 
.fighter  missions.  Considering  this  fact  and  the  fact  that  fighter 
flight  parameters  (speed,  pitch  rates,  etc.)  are  more  demanding  on 
simulations  than  those  of  bombers,  this  report  assumes  that  sensor 
simulations  recommended  for  fighter  penetration  and  survival  re- 
search oan  be  readily  applied  to  bomber  research.  Since  FDL  does 
not  appear  to  have  unique  sensor  simulation  utilisation  require- 
ments for  transports  or  bombers,  the  requirements  and  subsequent 
reoomim.ndationa  developed  in  this  report  are  keyed  to  fighter 
aircraft. 


In  considering  FDL 1 s anticipated  use  of  its  simulators,  a 
relevant  point  ia  that  FDL  haa  designatad  tha  TSIS  aa  tha  focal 
point  for  evantually  correlated  visual  and  sensor  simulations. 


A central  theme  of  FDL's  5-Year  Plan  is  the  eventual  develop- 
ment of  a total  mission  simulation  capability.  Howevar,  "emphasis 
has  bean  placed  on  tha  air-to-surf ace  task  capability  due  to  the 

general  lack  of  praciaion  capability  to  perform  this  task 

and  increased  importance  of  the  design  factors  for  near  term  air- 
craft and  subsystems  design".  The  various  segments  of  a typical 
air-to-aurf ace  mission  include  takeoff,  cruiae,  penetration,  weap- 
on* delivery,  aerial  refueling,  and  return  and  landing.  Of  these 
segments,  penetration  and  weapons  delivery  represent  the  primary 
areas  of  sensor  augmentation  in  advanced  mission  concepts. 


* - a * 


Research  in  night  and  all-weather  penetrations  will  require  simula- 
tion capabilities  for  LLLTV,  FLIP,  and  TF/TA  radar.  Conventional 
and  unconventional  weapon*  delivery  studies,  including  target 
acquisition  and  identification,  will  require  simulation  of  SAR, 

TV,  LLLTV,  and  FLIR,  along  with  TV  and  IR  weapons. 

FDL  also  seeks  to  enhance  its  air-to-air  simulation  capabili- 
ties. Potential  sensor  complements  include  forward-looking  multi- 
mode  radar,  FLZR,  and  TV  (possibly  with  zoom  capabilities).  These 
sensors  are  of  particular  interest  in  certain  critical  tasks 
associated  with  engagement  maneuvers  including  acquisition,  iden- 
tification, tracking,  and  weapons  delivery. 

Simulation  requirements  for  Radar  Homing  and  Warning  Systems 
(RHAWS)  capabilities  are  pertinent  to  both  the  air-to-surface  and 
air-to-air  tasks  anticipated  at  FDL. 

Total  mission  capability  also  requires  total  mission  environ- 
ment. Natural  environmental  factors  required  to  accompany  sensor 
performance  simulations  include  the  proper  electromagnetic  repre- 
sentation of  terrain  imagery,  variable  weather  effects  including 
signal  attenuations,  and  sun  effects  including  time-of-day,  time- 
of-year,  and  sensor  blinding.  Required  tactical  environmental 
factors  include  friendly  and  threat  gunfire  and  missiles,  smoke, 
targets,  hit  indications,  and  electronic  warfare  activity.  Again, 
proper  electromagnetic  representations  are  necessary,  It  should 
be  noted  that  FDL  desires  to  augment  miasion  capabilities  with 
multiple  moving  surface  targets. 

The  simulation  of  individual  sensor  operational  character- 
istics is  also  essential  to  ensure  mission  fidelity. 

The  preceding  paragraphs  only  summarize  the  various  aspects 
of  anticipated  FDL  sensor  oriented  missions.  Section  4.0  provides 
an  expanded  definition  of  the  specific  sensor  simulation  require- 
ments dictated  by  expected  FDL  mission  scenarios. 
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The  5-Year  Plan  mentions  two  key  issues  in  association  with 

the  requirement  for  advanced  aenaor  simulation.  The  first  is  that 
of  sensor-aided  versus  visual  weapons  deliveries.  This  issue  indi 
cates  that  mission  simulations  are  planned  not  only  to  assess 
adverse  weather  and  night  operations  but  also  to  optimize  conven- 
tional and  unconventional  daytime  weapon  deliveries.  The  FDL-spon 
sored  IF/FC  and  IF/WC  programs  are  indicative  of  such  research. 

In  light  of  this  issue , two  desirable  factors  in  a sensor  simula- 
tion approach  are  the  ability  for  and  ease  of  correlation  with  an 
out-the-window  visual  scene. 

The  advent  of  advanced  sensors  in  tactical  aircraft  throws  a 
new  twist  into  the  ever  controversial  debate  over  one-man  versus 
two-men  crew  stations.  On  the  surface  it  appears  that  the  incor- 
poration of  such  advanced  technologies  would  lessen  the  need  for  a 
second  crew  member.  However,  on  the  other  hand,  it  is  quite  prob- 
able that  added  capabilities  in  the  dimensions  of  performance  and 
survivability  could  be  exploited  to  an  even  greater  degree  in  a 
two-man  oockpit.  Tandem  cockpits  with  separate  sensor  displays 
place  varying  requirements  on  the  sensor  simulation  depending  on 
the  desired  configuration.  If  it  is  desired  that  one  display  only 
repeat  the  display  of  the  other  cockpit  then  the  only  additional 
requirement  for  supplying  sensor  imagery  to  the  second  cockpit  ia 
dedicated  electronics  to  switch  and  drive  signals  from  a common 
video  source.  To  provide  different  senBor  displays  to  each 
cockpit,  with  common  controls  ( ie . only  one  crewmember  at  a time 
can  adjust  controls  such  as  thresholding)  requires  independent 
video  sources  (or  independent  sensor  processing  channels  if  a 
common  source  is  being  used  for  multiple  sensor  types).  If  inde- 
pendent displays  and  controls  are  desired  then  two  independent 
video  sources  or  sensor  processing  channels  are  required  for  each 
sensor  type.  Thus  two  additional  desirable  factors  in  a sensor 
simulation  approach  are  the  capability  to  generate  multiple  sensor 
images  from  one  source  and  the  capability  for  parallel  channel 
operation . 
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Simulation  associated  with  tht9e  key  issues  will  be  performed 

not  only  in  relation  to  assessing  mission  task  performance  but 
Also  in  relation  to  survivability.  Survivability  is  a mission 
factor  Which  is  receiving  increased  attention  throughout  the  armed 
forces  due  to  the  continually  increaaing  ratio  of  thraat  to  friend' 
lyre  source  a. 


The  5-Year  Plan  calls  for  the  following  increased  capabil- 
ities relevert  to  advanced  sensor  simulation! 


PmOK'.'... 


1".;:  *Enhanced  air-to-eurface  teak  (high-pitch  angle  visual 
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‘Broad  gaming  area;  flexible  CIO  vieuel  proceesing . 

by  PY84  Total  Mieeion  Capability 

♦Air-to-air  (two-ve-one) 

♦Air-to-aur f see  (multiple  moving  target) 

♦Terrain  following 
♦Variable  weather 

In  relation  to  total  miasion  capability,  the  5-Yaar  Plan  in- 
clude* this  etetement,  "While  the  capability  will  exiat  for  con- 
tinuous mieeion  evaluation  from  takeoff to  landing,  most 

simulation  programs  will  only  involve  mission  segments  or  tasks." 
Thus  a sensor  eimulation  approach  which  is  highly  recommended  for 
one  miasion  segment  (e.g.,  weapons  delivery)  should  not  be  penal- 
ised simply  bscause  it  cannot  be  practically  integrated  with  an- 
other basically  unaasociated  segment  (e.g.,  takeoff). 
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In  relation  to  the  DAIS  visual  sensor  simulator,  the  5-Year 

Plan  states,  "It  appears  that#  for  the  money,  a Byatem  similar  to 
that  developed  by  DAIS  would  be  acceptable  for  the  near-term  appli- 
cation planned  in  this  facility.  If  a slewable  sensor  is  desired, 
this  method  would  allow  correlation  with  the  outside  visual  scene 
only  when  the  sensor  was  pointed  straight  ahead."  It  should  be 
noted  that  any  sensor  simulations  economically  designed  to  use  com- 
mon image  pick-up  source  still  suffer  from  this  restriction.  Such 
a deficiency  will  not  present  a radical  problem  for  navigational 
and  terrain  following  sensor  displays  since  the  area  of  interest 
in  auch  presentations  is  along  the  aircraft  flight  path)  however, 
it  will  seriously  degrade  capabilities  for  evaluation  of  integrat- 
ed sensor  weapons  which  provide  a slewable  image  to  the  crew. 
Obviously,  with  the  technology  of  such  weapons,  it  will  be  de- 
sirable to  test  unconventional  approaches  which  exploit  the  weap- 
on's slewing  capability  as  opposed  to  exposing  the  aircraft  to  the 
vulnerability  of  conventional  straight-in  deliveries.  A similar 
problem  arises  with  sensor  zoom  capabilities;  however,  in  this 
cast  another  trade-off  is  possible  dopending  on  the  zoom  mechanism 
employed.  For  example,  a common  visual  and  sensor  image  source 
aould  be  used  and  the  sensor  display  electronically  zoomed;  how- 
ever, the  resolution  of  the  zoomed  presentation  could  not  be 
greater  than  that  of  the  unzoomed  image.  If  separate  image 
sources  were  ueed,  then  high  resolution  zoom  would  be  possible 
with  opto-mechanical  zoom.  Figure  3. 1.1-1  illustrates  various 
visual/sensor  presentation  combinations  feasible  with  common  and 
separate  image  sources. 

A specific  goal  of  the  5-Year  Plan  is  to  "accurately  program 
resources  (dollars  and  manpower)  to  accomplish  the  expanded  role 
of  engineering  simulation."  Flexibility  and  growth  are  primary 
criteria  in  FDL  procurements.  State-of-the-art  equipment  is 
generally  sought;  however,  FDL  clearly  recognizes  the  risk  in- 
volved with  premature  selection  of  unproven  developmental  equip- 
ment. Accordingly,  the  omphasis  in  this  study  has  been  to  seek 
out  practical  solutions  using  available  technologies. 
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3.1.2  Literature  Search. 


The  bibliography  later  in  this  report  list*  military  reports 
procured  and  reviewed  in  the  course  of  this  study.  In  addition, 
the  review  of  approximately  200  issues  of  technical  and  military- 
oriented  periodicals  revealed  innumerable  articles,  news  reports, 
and  advertisements  which  have  provided  valuable  insight  into  cur- 
rent trends  and  advancements  in  state-of-the-art  sensor  technolo- 
gies and  sensor  utilizations  in  military  aircraft.  Periodicals 
from  which  pertinent  information  was  drawn  include  Aviation  Week 
and  Space  Technology;  Defense  Electronics;  Military  Electronics/ 
Countermeasures/  International  Defense  Review,  Interavia,  Air 
Force,  Electro-Optical  Systems  Design,  Microwave  System  News,  and 
Electronic  Engineering  Times. 

3.1.3  Vendor  Contacts. 

To  supplement  the  literature  soarch,  research  personnel  soli- 
cited information  from  numerous  vendors  of  advanced  sensor  sys- 
tems. We  were  very  fortunate  that  several  organizations  agreed  to 
meet  with  us  to  discuss  various  aspects  of  their  fields  of 
specialty. 

The  Electro-Optics  Division  of  Texas  Instruments  Inc.  (TI) 
provided  a formal  presentation  on  Thermal  Image  Processing.  An  im 
portent  point  emphasized  by  TI  was  that  the  resolution  of  aircraft 
thermal  imaging  systems  is  not  expected  to  increase  significantly 
from  that  of  current  systems.  Although  higher  device  resolution 
is  feasible,  there  are  several  operational  factors  which  limit  use 
ful  resolution.  The  primary  factor  is  aircraft  vibration.  To  ac- 
commodate higher  resolutions  in  military  aircraft  would  require 
elaborate  image  stabilization  or  migration  corrections  to  compen- 
sate for  vibration  effects.  Other  limiting  conditions  considered 
in  TI's  prediction  of  near  constant  resolution  included  atmo- 
spheric effects,  ayotem  costs,  and  range  of  weapons  (i.e.,  limit 
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on  useful  resolution).  The  primary  thrust  of  development  efforts, 

according  to  TI,  is  to  enhance  image  processing  so  that  pilot  work 
load  is  reduced.  In  current  systems,  display  image  enhancement 
control,  image  interpretation,  and  reaction  are  functions  which 
muat  be  performed  by  an  operator.  The  conflicting  trends  of 
decreasing  available  operator  time  (especially  in  high-speed,  low- 
level  flight)  and  increasing  total  sensor  information  capacity  ere 
ate  a definite  requirement  for  increased  image  processing  capabil- 
ities. TI  believes  that  many  of  the  operator's  functions  can  be 
automated  in  future  E-0  systems.  Candidate  functions  include  sen- 
ior control,  display  control,  stabilisation,  target  detection,  tar 
get  cuing,  target  recognition  and  classification,  target  ranging, 
track  acquisition,  target  prioritisation,  platform  control,  and 
fire-control  including  weapons  pointing.  Tl'a  presentation  traced 
the  continuing  evolution  of  integrating  operator  functions  into  ad 
vanced  electro-optical  systems.  It  was  noted  that  for  many  func- 
tions, the  capability  for  total  automation  already  exists.  In  the 
case  of  these  functions,  the  major  barrier  to  integration  is  com- 
ponent technology  (i.e.,  the  limits  on  how  much  electronics  can  be 
contained  in  a unit  with  a specified  maximum  weight  and  volume). 
Muoh  emphasis  is  being  placed  on  the  development  of  digital  scan 
conversion  schemes  since  significantly  greater  processing  capabil- 
ities per  unit  volume  can  be  accomplished  using  digitized  imagery. 
Image  enhancement  techniques  are  also  being  refined.  The  capabil- 
ity for  automatic  target  detection  and  recognition  and  subsequent- 
ly the  subfunctions  of  target  cuing,  classification,  prioritiza- 
tion, and  acquisition,  represent  a primary  area  of  research. 
Understanding  the  E-0  image  is  a major  barrier  to  the  development 
of  such  functions.  Currently,  researchers  are  deeply  involved  in 
analyzing  image  data  and  developing  algorithms  which  can  be  used 
to  extract  and  identify  targets  from  an  image  scene.  Copies  of 
TI's  Thermal  Image  Processing  presentation  are  contained  in 
Appendix  A. 
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Presentations  made  by  Hughes  Aircraft  Electro-Optical  Group 
were  keyed  to  two  of  their  existing  developmental  projects:  Multi- 
Spectral  Target  Cuing  (MYSTIC)  and  the  Low  Altitude  Navigation  Tar 
gating  Infrarad  for  Night  (LANTIRN)  system. 

MYSTIC  evolved  from  a Hughes  study  on  the  utility  and  feasi- 
bility of  combining  imagery  from  several  airborne  sensors  and  data 
sources  on  a single  real-time  display  ( DDC  Document  AD  HO  43355), 
The  concept  of  simultaneous  sensor  display  utilization  is  derived 
as  follows.  Increasing  the  number  of  sensors  on  an  aircraft  in- 
creases the  probability  of  successful  target  acquisition  because 
of  the  target's  multi-spectral  attributes.  This  is  especially 
true  when  countermeasures  are  employed  since  the  target  cannot 
easily  deny  all  its  spectral  signatures  simultaneously.  However, 
Increasing  the  number  of  independent  sensors  increases  pilot  work- 
load and  eventually  detracts  from  his  capabilities.  Missions  such 
as  low-level  penetrations  and  weapons  delivery  at  night  intensify 
the  problem.  Multiple  sensor  displays  require  that  the  observer 
•pend  much  of  his  time  searching  the  displays.  Time-shared  dis- 
plays require  visual  reorientation  for  each  sensor  change  and  also 
continued  switching  to  determine  the  best  display.  Combining  sen- 
sor imagery  by  simple  additive  mixing  has  been  shown  to  degrade 
the  total  content.  Hence  the  ideal  system  is  one  which  can  ex- 
tract required  information  from  the  individual  sensor  imageries 
and  combine  the  information  to  form  a useful  and  easily  inter- 
preted presentation  for  the  pilot.  The  MYSTIC  program  seeks  to 
develop  and  implement  simultaneous  sensor  concepts  to  produce  an 
enhanced  autonomous  target  acquisition  capability  for  attack  air- 
craft. Candidate  sensors  include  multi-mode  radar,  FLIR,  a laser 
system,  radar  warning  receiver,  electronic  countermeasures  (ECM), 
navigation  data  (inertial  navigation  system  (INS),  GPS),  and  a 
prior  and/or  linked  data  (i.e.,  target  threat  data  base  and  joint 
tactical  information  display  system  (JTIDS)).  Advanced  processors 
would  align  Benaor  information,  extract  and  classify  target  sig- 
natures, develop  display  presentations,  and  facilitate  alignment 
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and  handoff  with  E-0,  radar,  and  unguided  weapons.  Multisensor 

confirmation  of  targets  is  expected  tot 

r ' ' 1)  Increase  the  probability  of  detecting  between  targets; 

J : 2)  Increase  the  probability  of  discriminating  between  tar- 

• gets  and  decoys; 

3)  Reduce  false  alarms; 

■ 4)  Reduce  susceptibility  to  countermeasures. 

Automatic  target  detection  and  classification  are  key 
& • elements  off  Hughes'  multi-sensor  development.  Scan  conversion 
techniques  and  image  enhancement  are  also  important  element*. 
Processing  techniques  are  also  under  development  to  align  and 
• ■ correlate  the  individual  sensor  sources, 

" 

^ Following  their  MYSTIC  presentation  Hughes  personnel  dis- 

cussed  the  LANTIRN  program.  The  basic  premise  behind  this  weapon 
- delivery  and  navigation  program  is  to  defeat  the  Russian  Armor 
■>-'  - th£**t  in  the  luropean  scenario,  It  is  well  known  that  the  East- 
ern Block  has  numerical  superiority  in  armored  vehicles  and  unless 
the  Western  Block  increases  its  tank  destroying  capability  it 
might  be  overwhelmed  in  a short  period  of  time. 

*>••• 

In  order  to  reverse  this  trend  it  is  claimed  that  air  power 
must  "kill1*  2000-3000  tanks  per  day  for  roughly  10  days. 

The  aircraft  selected  for  this  program  are  the  A-10  and  F-16, 
modified  to  take  the  LANTIRN  pod,  as  well  as  a wide  f ie ld-of-view 
head-up  display  (HUD).  It  is  intended  that  these  modifications 
should  make  the  aircraft  autonomous . 
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The  LANTIRN  system  will  provide  the  following  additional 
operational  facilities 

1)  Provide  wide-angle  IR  eenaor  for  navigation  at  night  and 
under  advene  weather. 

2)  Provide  separate  narrow-angle  IR  sensor  for  target  acqui- 
sition/ classification/  and  IR  missile  handoff. 

3)  Provide  video  for  HUD  and  heads-down  display  (HDD). 

4)  Provide  automatic  system  for  weapon  delivery  as  six  IR 
Mavericks  may  have  to  be  launched  in  12  seconds. 

5)  Provide  laser  ranger  and  designator. 

6)  By  using  on-board  real-time  DMA  digital  data/  provide 
manual  and  automatic  TP/TA  system. 

7)  Improve  covert  environment  of  aircraft  by  increasing  re- 
liance on  digital  terrain  data  and  reducing  radar  emis- 
sion. 

Copies  of  the  viewgraphs  shown  by  Hughes  in  their  E-0  presen- 
tations are  contained  in  Appendix  B. 

An  elaborate  and  detailed  presentation  on  Radar  Advanced  De- 
velopment was  given  by  the  Radar  and  Digital  System  Division  of 
TI,  TI  first  discussed  future  tactical  air-to-  ground  scenarios/ 
pointing  out  the  current  serious  deficiency  in  capabilities  to 
effectively  perform  night/all-weather  air-to-surf ace  attack  mis- 
sions. The  solution!  en  advanced  tactical  fighter  with  autonomous 
capability  to  detect,  attack,  and  destroy  targets  during  night  and 
all  weather  conditions.  In  relation  to  requirements  for  advanced 
air-to-ground  radar  systems  in  such  an  aircraft,  TI  discussed 
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Table  3. 1.3-1  KEY  AIR-TO-GROUND  RADAR  CHARACTERISTICS 
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applicable  missions  including  close  air  support,  interdiction,  and 

deep  strike  as  well  as  the  related  mission  segments  including  pre- 
cision navigation,  target  acquisition,  survivability,  emitter  loca- 
tion and  destruction,  self-defense,  and  maritime  strike.  Low 
levels  and  high  speeds  were  cited  as  the  primary  mission  profiles. 
TI  stated  that  suitable  radar  equipment  is  not  available  today  and 
will  require  major  developmental  activity.  Table  3. 1.3-1  lists 
the  key  air-to-ground  radar  characteristics  required.  TI  went  on 
to  discuss  specific  radar  operational  requirements  necessary  in 
the  previously  cited  mission  tegmenta.  The  radar  modes  required 
for  precision  navigation  include  real-beam  mapping,  Doppler  beam 
sharpening  (DBS),  spotlight  image  (using  SAR),  and  velocity  meas- 
urement. Key  radar  elements  required  to  facilitate  precision 
target  location  include  antenna  position  in  inertial  coordinates, 
radar  velocity  measurements,  high  resolution  SAR  target  detection, 
and  track  and  DMA  terrain  data  storage  and  correlation.  In  assoc- 
iation with  radar  targeting  capabilities,  requirements  include  mov- 
ing tsrget  indication  (MTI)/moving  target  track  (MTT) , ground  MTI 
(OMTD/ground  MTT  (QMTT)/DB8  map,  spotlight  image,  air-to-ground 
ranging,  ground  target  track,  and  target  claasif ication.  To  en- 
hance survivability,  automatic  terrain  following,  covert/stealth 
operation,  and  effective  electronic  counter-countermeasures  (ECCM) 
are  deemed  nocessary.  Defense  Suppresoion  requirements  include 
pensive  search,  passive  acquisition  and  track,  range  estimation, 
active  acquisition,  and  active  tracking.  Long  range  detection 
along  with  target  classification  are  necessary  for  maritime  strike 
operations.  FVaaible  techniques  for  radar  target  classification 
were  discussed,  Comparing  anticipated  radar  requirements  to  the 
existing  technology,  TI  noted  a necessity  for  development  in  the 
fol.1  owing  areas  i 

1)  Acquisition  of  high-resolution  data  bases 


£ 


2)  Target  clasoif ication,  identification,  and  prioritization 


vv. 
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3) 


Multi-sensor  data  correlation 


4)  Automation  for  increased  efficiency  of  data  extraction 

It  was  noted  that  current  radar  systems  lack  the  capacity  to 
fully  use  the  sensor  data.  Signal  processing  capacity  deficien- 
cies- re  daimed  to  be  primarily  due  to  limitations  of  through- 
put., memory,  and  versatility.  TI  believes  these  limitations  can 
be  overcome  through  optimization  of  architectural  structures,  com- 
ponent development,  and  the  development  of  algorithms  to  dsfine 
Signal  processor  requirsments  and  optimist  ths  efficiency  of  sen- 
ior data  .extraction.  Zn  the  context  of  planned  developmental 
activities,  TI  alao  discussed  two  of  their  existing  programs » the 
Radar  Target  Classification  System  (RAMTAC)  and  the  Airborne  Elec- 
Terrain  Map  System  (AETMS),  ?l  concluded  with  a set  of 
radar  system  projections  for  ths  1990's,  shown  in  Table  3. 1.3-2. 
-Ifc^Mtridistl  of  information  was  conveyad  in  this  prssentation. 

For.  soma  of  tha  finer  details,  refer  to  Appendix  C which  contains 
-capias,  of  ths  viawgraphs  usad  in  the  TI  presentation. 

An  informal  meeting  was  held  with  personnel  from  the  Radar 
System  Group  of  Hughea  Aircraft  Company.  The  evolution  of  the  die 
oussions  was  vary  similar  to  the  context  and  ideology  of  the  TI 
presentation.  Two  relevant  predictions  added  by  Hughee  were 
achievable  SAR  resolution  of  7 ft  and  MTI  detection  down  to  1-2  ft 
per  sec.  Set  Appendix  B for  Hughes  Aircraft  Company  presentation 
material . 

3.1,4  User  Contacts. 

Early  in  the  etudy  FDL  organized  a series  of  briefings  to  pre 
sent  vertoue  Air  Force  views  on  the  projected  state  of  the  art  in 
senior  systems.  Ae  moat  of  tha  presentations  were  secret,  no 
detailed  data  will  be  described, 


Table  3. 1.3-2  PROJECTIONS  FOR  THE  1990 'S 
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The  first  presentation  was  given  by  Captain  Mike  Poore  of  the 

Air  Force  Avionics  Lab  (AL),  Reconnaissance  and  Weapon  Delivery 
Division. 

His  prsstntation  emphasized  a need  for  higher  resolution  and 
real  time  operation.  In  particular,  he  pointed  out  that  recon- 
naissance could  not  afford  the  delays  of  returning  data  to  a base 
for  processing  prior  to  dissemination.  In  fact,  he  suggested  that 
reconnaissance  and  strike  might  have  to  be  from  common  platforms. 

The  aeaond  presentation  was  given  by  Lieutenant  James  Offan 
AFAt/RWT  and  deacribed  the  development  of  the  generation  of  3- 
dimensional  computer  generated  images  from  DMAAC  data  as  a real 
time  airborne  system. 

This  program  is  significant  because  of  the  following  reasons. 

DMAAC  data  is  correlated  with  radar  and  radar  altimeter  height 
data  as  in  Terrain  Comparison  and  an  image  is  generated  for  the 
.pilot  for  comparison  with  the  visual  or  sensor  images  or  in  their 
place  if  those  are  not  available.  Data  can  be  added  to  the  scene 
(e,g,,  a target  weapon  site,  etc.),  whether  directly  viewable  or 
oooluded.  In  addition,  the  DMAAC  data  can  provide  TF/TA  data  when 
not  available  from  FLR,  should  automatic  TF  be  required.  The 
DMAAC  data  can  also  provide  data  for  flight  path  generation  beyond 
the  line  of  sight. 

The  third  presentation  was  given  by  Jerry  Pasek  of  AL/KWM. 

Mr.  Pasek's  presentation  was  dedicated  entirely  to  Electronically 
Agile  Radar  (EAR)  and  SAR.  Of  particular  significance  in  this 
presentation  was  the  high  quality  of  the  radar  generated  images. 

The  fourth  presentation  was  given  by  Squadron  Leader  Stewart 
Brussell  (RAF,  attached  to  AL).  Mr.  Brussell  discussed  Integrated 
Strike  Avionics  Study,  and  Display  for  Correlated  Sensor  Data. 
Basically,  the  first  program  will  correlate,  screen,  and  perhaps 


simplify  the  inputs  from  a number  of  3ensor  systems  while  the 
second  program  will  define  a display  system  to  adequately  present 

this  data  to  the  crew  members.  This  type  of  program  is  under 
investigation  using  digital  video  techniques  by  organizations  such 
as  Hughes  and  We stinghouse . 

Figure  3. 1,4-1  shows  the  variety  of  inputs  that  have  to  be 
considered . 

The  final  presentation  was  given  by  Gil  Kuperman  of  AMRL 
H/HEA  and  it  concentrated  on  the  particular  problem*  of  eeneor 
eyetema  and  operational  requirements. 


Figure  3.  1.4-1  MULTISENSOR  DATA  CORRECTION 


3.2  ANALYSIS 


3.2.1  Sensor  Characteristics  and  Trends 


3. 2. 1.1  Radar  Devices 


This  section  summarizes  the  results  of  an  investigation  of 
radar  developments  expected  during  the  1980's,  particularly  as 
they  relate  to  simulation.  An  investigation  of  the  radar  capa- 
bilities anticipated  during  the  1980's  was  considered  a necessary 
first  step  in  comparing  the  simulation  requirements  of  the  future 
to  the  current  capabilities  of  FDL.  Coupled  with  a knowledge  of 
the  current  state  of  the  art  in  radar  simulation,  this  comparison 
led  to  recommendations  to  FDL  for  upgrading  their  simulation  capa- 
bility to  meet  their  needs  during  the  1980 's  (see  Section  6.0). 
Figure  3. 2. 1.1-1  is  the  Frequency  Designation  Chart  showing  radar 
bands  versus  frequency.  Figure  3. 2. 1.1-2  is  an  IR  Transmittance 
versus  Wavelength  Chart  illustrating  atmospheric  windows  for  IR. 

3. 2. 1.1.1  Microwave  Sensor  Systems 

Microwave  detectors  contain  a receiving  directive  antenna 
system,  arranged  for  sequential  scanning  of  a field  of  view  (FOV), 
and  operated  in  conjunction  with  a suitable  microwave  receiver. 

Microwave  sensors  are  of  two  types:  one  is  a passive  system, 
composed  of  antenna,  rece iver,  and  display  to  show  the  microwaves 
emitted  by  objects  in  the  FOV,  in  a manner  similar  to  passive  IR 
systems.  The  second  type  is  an  active  radar  system.  Here  the  FOV 
is  illuminated  by  locally  generated  microwave  energy,  and  that  por- 
tion reflected  from  objects  within  this  region  is  amplified  and 
d i splayed . 
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frequency  designation  chart 
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best  available  copy 


Figure  3. 2. 1.1-1  FREQUENCY  DESIGNATION  CHART 


TRANSMITTANCE 


WAVELENGTH  (MICRGNS  M ) 

Figure  3. 2. 1,1-2  TRANSMITTANCE  VERSUS  WAVELENGTH  CHART 
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BEST  AVAILABLE  COPY 


Spectral  Ranges  of  Interest  - The  spectral  range  of  microwave 
radiation  runa  from  wavalangths  of  about  0.1  cm  ( 1,000  to  300 
cm.  All  spectral  rangaa  ara  of  potential  interest,  but  partic- 
ularly heavy  use  ia  made  of  the  following  bands  uaed  for  many 
common  type*  of  surveillance/attack  radarst  X-Band,  3-5  cm  (fre- 
quency 5-11  GHz);  and  K-Band,  1-3  cm  (frequency  11-30  GHz). 

Also,  interest  is  strong  in  the  M-Band,  0.3-0. 5 cm  (frequency 
60-100  GHz)  for  physically  small  passive  sensors. 

Atmospheric  attenuation  of  microwave  signals  occurs,  but  not 
in  the  form  of  windows  as  for  IR  but  rather  with  smooth  attenua- 
tion, decreasing  as  a function  of  increasing  wavelength.  Precipi- 

a 

tatton  attenuation  effects  occur,  also  decreasing  smoothly  as  a 
function  of  increasing  wavelength. 

Sensor  Resolutions  - Azimuth  resolution  is  a function  of  the  micro- 
wave  antenna  beamwidth  in  the  horizontal  direction.  A typical 
value  for  one  cm  wavelength  and  30  cm  paraboloidal  reflector 
diameter  is  2*  beamwidth. 

Range  resolution  for  a radar  is  a function  of  transmitted 
pulse  length  which  provides  pulsed  illumination  of  the  FOV.  Typi- 
cal transmitted  pulses  are  of  the  order  of  ms  in  length.  For  a 
passive  sensor,  range  resolution  is  a function  of  antenna  beam- 
width  in  the  vertical  direction. 

3. 2. 1.1.2  General  Trends 


The  investigation  was  limited  to  airborne  radar,  with  parti- 
cular emphasis  placed  on  the  various  air-to-air  and  air-to-sur f ace 
missions  identified  in  the  FDL  facility  long  range  plan.  Observa- 
tions were  grouped  into  two  general  categories;  those  relating  to 
general  trends  common  to  many  forms  of  radar  and  those  unique  to  a 
specific  generic  type  of  radar. 


Aijdin,  the  emphasis  was  on  those  characteristics  important 

from  a simulation  standpoint.  One  of  the  first,  and  perhaps  most 
significant  observations,  was  the  realization  that  radar  is  basi- 
cally a mature  technology.  The  changes  taking  place  today  are  not 
the  result  of  fundamental  advances  in  radar  technology,  but  rather 
advances  in  other  technologies  which  ere  now  making  it  feasible  to 
implement  radar  techniques  which  havs  been  known  for  some  time. 

Perhaps  the  single  most  important  trend  has  been  the  progress 
made  in  digital  technology.  Techniques  which  were  known  but  not 
previously  feasible  havs  been  making  thtir  way  into  new  radar  de- 
signs as  the  advance  in  digital  technology  placed  more  and  more 
powerful  tools  in  the  hands  of  the  radar  designers.  This  trend 
will  continue  through  the  decide.  Recent  technology  forecasts 
project  major  advances  in  digital  technology.  Circuit  packaging 
densities  will  increase  by  a factor  of  five  with  speeds  increasing 
by  factors  of  one  hundred.  Propagation  delays  will  be  measured  in 
picoseconds.  Rockwell  International  is  currently  designing  an 
8 by  B multiplier  with  a multiply  time  of  6 nsec. 

These  tremendous  increases  in  processing  capability  will  re- 
sult in  an  extension  of  trends  wa  have  already  seen.  More  and 
more  radars  will  become  multi-mode  devices.  There  will  be  more 
automation  and  increasing  use  of  digital  computers,  Processing 
algorithm*  will  become  more  eophieticated , resulting  in  better 
detection  capability,  improved  s ignal-to-noise  ratio*  (SNR),  more 
ECCM  capabilities,  better  resolution,  and  perhaps  even  target 
recognition  and  identification.  More  and  more  radar  parameters 
which  were  previously  fixed  by  the  system  design  will  become 
variable  and  under  program  control  of  the  radar  processor.  Car- 
rier frequency,  pulse  repetition  frequency  ( PRF ) , waveform,  and 
transmitter  power  will  all  become  computer-controlled. 


[<■£  As  the  degree  of  processing  increases,  the  display  presented 

to  the  crew  will  become  more  and  more  synthetic.  Raw  video  dis- 
play* will  be  first  supplemented  and  eventually  replaced  by  syn- 
thetic displays.  The  familiar  radar  target  blip  will  be  replaced 
by  a computer  generated  graphic  symbol,  perhaps  in  color,  that 
will  indicate  target  location,  heading,  speed,  range,  altitude, 
and  other  sensor-der ived  information.  Radar  data  will  be  combined 
with  data  from  other  sensors  and  also  compared  against  stored 
terrain  data  for  correlation,  navigation,  improved  targeting 
accuracies,  and  increased  target  detection  capability. 

Many  radars  will  become  multi-purpose,  Previously  designed 
systems  were  generally  dedicated  to  a specific  task.  If  the  re- 
sulting system  happened  to  have  a secondary  capability,  it  was 
usually  very  limited  or  of  poor  quality.  Because  of  computer 
control  and  complex  signal  processing,  new  systems  will  be  able  to 
perform  multiple  functions  and  do  all  of  them  well. 

3. 2. 1.1, 3 Forward-Looking  Radar 

Many  of  these  developing  trends  present  significant  chal- 
lenge* to  the  radar  simulation  community.  The  rtmainder  of  thia 
asction  will  dsal  with  aom*  apecific  problams  praaanted  by  emsrg- 
ing  radar  technology.  The  first  problem  is  that  of  sheer  convex- 
ity. Past  radars  have  had  limited  flexibility.  A terrain  follow- 
ing radar  didn't  do  much  else.  An  air-to-air  radar  had  very 
limited  ground  mapping  capability. 

In  contrast,  the  radars  of  the  future  will  have  great  flexi- 
bility. For  example,  the  F-18  APG-65  is  a coherent  pulse-Doppler 
radar  built  by  Hughes.  With  the  exception  of  the  programmable 
gridded  traveling-wave  tube,  it  is  fully  digital,  including  a 
programmable  signal  processor  which  employs  a 256K  word  disk  and 
161  words  of  working  storage.  The  system  employs  both  high  and 
medium  PRF,  can  interleave  them  for  range-wh ile-se ar ch  mode  or 
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three  automatic-lock-on  dogfight  modes,  and  uses  DBS  techniques  j 

for  raid  assessment.  A track-while-scan  capability  will  maintain  !j 

track  file*  on  ten  simultaneous  targets.  For  air-to-ground  opera-  j 

tiona,  the  system  offers  standard  ground  mapping  and  air-to-ground  a 

ranging  along  with  moving  target  indication  and  tracking,  fixed  j 

target  tracking,  TA,  sea  surface  search,  and  DBS  capability  with 

sharpening  ratios  of  1 9 1 1 and  65:1.  As  an  indication  of  the 

resolution  being  achieved,  Hughes  has  stated  that  carrier  arrestor 

wires  can  be  resolved  on  radar  at  19  km  out  on  approach,  the  " 

« 

equivalent  of  about  18  m definition  in  range  and  9 m in  azimuth, 
according  to  the  company. 


3. 2. 1.1.4  Synthetic  Aperture  Radar 


Synthetic  Aperture  Radars  (SAR)  provide  serious  challenge  to 
the  radar  simulation  engineer.  BAR  is  a concept  that  has  been 
known  for  over  10  years.  It  consists  of  complex  processing  tech- 
niques applied  to  a collection  of  radar  data  collected  over  a 
period  of  time  from  a moving  platform.  Platform  motion  creates  a 
synthetic  aperture,  or  the  equivalent  of  a much  larger  physical 
antenna,  with  a corresponding  dtcreast  in  apparent  antenna  beam- 
width.  Proper  processing  can  focus  the  beam  so  that  changes  in 
renge  that  oocur  during  the  data  collection  from  a target  will  not 
cause  nmearing  die  to  the  Doppler  shift  caused  by  the  range 
change . 

These  systems  »re  capable  of  very  high  resolution  ground 
maps,  with  range  and  azimuth  resolutions  under  10  ft.  Processing 
is  so  complex  that  these  systems  have  previously  been  limited  to 
non-rssl-time  reconnaissance  use.  Data  was  stored  on  film,  which 
was  then  developed  and  processed,  resulting  in  significant  time 
delays  between  the  actual  data  collection  and  final  results.  Re- 
finements war#  made  until  the  time  delays  were  reduced  to  several 
minutes.  Kodern  digital  technology  now  makes  it  possible  to  per- 
form this  very  complex  processing  in  real  time.  Crew  members  will 


have  a very  high  resolution  ground  map  display  available  to  them 

in  real  time,  which  would  greatly  improve  target  detection,  navi- 
gation, and  weapons  delivery  capabilities. 


* 


3 . 2 . 1 . 1 . 5 Terrain  Following  Radar 

TF  radar  capability  will  find  its  way  into  more  aircraft 
during  the  1980's  as  survivability  considerations  place  more  and 
more  value  on  high-speed  low-level  flight.  Set  clearances  will 
probably  come  down  to  about  100  ft.  TF  capability  will  moat 
probably  be  accompanied  by  a compatible  terrain  avoidance  mode. 
This  feature  displays  terrain  which  protrudes  above  a clearance 
plane,  and  provides  cues  to  allow  azimuth  steering  to  maximize  the 
cover  provided  by  the  nearby  terrain. 

There  may  be  a possibility  of  supplementing  the  TF  capability 
with  somo  form  of  terrain  matching  system.  Using  a stored  data 
base  defining  known  terrain  features,  it  has  been  demonitrated 
that  precise  low-level  navigation  is  feasible  over  long  distances 
by  comparing  radar  returns  against  stored  data  bases,  It  is  easy 
to  visualise  this  type  of  syatem  integrated  with  a TF/TA  radar  to 
enhance  overall  capability  and  provide  a higher  confident*  level 
necessary  for  automatic,  high  speed,  all  weather,  day/night, 
low-level  flight. 

3. 2. 1.1. 6 Electronically  Agile  Radar 

EAR,  originally  intended  for  use  on  the  B-l  cr  B-52,  has  been 
in  development  at  Weatinghouse  since  1974.  This  is  the  first 
attempt  at  developing  an  airborne  system  which  employs  a phased 
array  antenna  (not  to  be  confused  with  a planar  array).  The 
feature  that  makes  the  phased  array  unique  is  that  the  radiated 
beam  is  controlled  electronically,  rather  than  mechanically.  The 
system  being  developed  by  Westinghouse  uses  over  1800  independent 
phase  sh if te re/r ad iator s . By  controlling  the  relative  phase  being 
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applied  to  the  individual  elements,  the  resulting  beam  can  be 

formed  electronically. 

This  provides  two  important  character iatica.  First,  tha  radi- 
ated beam  can  be  randomly  positioned  on  a pulae-by-pulae  basis  any- 
where within  the  total  antenna  coverage.  Secondly,  the  beam  s.iape 
may  also  be  altered  on  a pulse  by  pulse  basis.  This  leads  to  many 
possibilities,  such  as  tracking  multiple  targets  by  hopping  the 
beam  from  targat  to  target,  tracking  target*  in  several  locations 
while  searching  in  a diffarent  araa,  and  avan  going  to  far  aa  to 
time-shara  major  modes.  For  example,  a fan  beam  scanning  a TF 
,»can  pattern  could  be  interleaved  with  a conventional  spoiled  beam 
ground-mapping  search  pattern  while  a pencil  beam  maintained  track 
on  an  airborna  target.  This  special  beam  shape,  called  a cosecant 
squared  beam,  is  raquirad  for  airborne  radars  that  scan  c large 
ground' area  for  radar  navigation  (ground  rapping).  It  in  narrow 
in  the  horiiontal  plane  but  broad  in  the  vertical  plane.  For 
optimum  radar  ground  mapping,  th#  prtcicular  station  on  the  ground 
that  il  being  acannad  must  not  be  uniformly  illuminated  by  the 
radar  beam.  Instead,  th*  ground  and  object*  on  the  ground  under 
the  aircraft  ehould  bo  illuminated  by  a email  amount  of  power, 
while  more  dietant  object*  in  tha  scan  sector  ar#  illuminated  by  a 
greater  amount  of  power.  Therefore,  the  intensity  of  the  beam 
varies  as  the  cosecant  of  tha  angle  between  the  horizontal  and  a 
lint  drawn  between  the  aircraft  and  a given  point  on  the  ground. 
Thia  results  in  an  approximately  equal  amount  of  energy  reflection 
throughout  the  acan  sector.  A common  method  used  to  obtain  thia 
type  beam  ia  to  use  a special  reflector  on  top  of  the  parabloic 
diah.  Thia  roflector  spoils  the  vertical  plan#  of  the  normal 
pencil  beam.  Because  of  this,  the  oeam  is  also  referred  to  as  a 
spoiled  beam.  The  posaioil ihies  with  ouch  a beam  are  numerous. 
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3. 2. 1.1. 7 Radar  Displays 


Radar  displays  for  military  airborne  radars  have  tradi- 
tionally been  dedicated  cathode  ray  tube  (CRT)  displays  from  4-8 
in.  Both  conventional  CRT's  as  well  as  storage  tubes  are  used, 
with  a variety  of  phcephors,  Many  of  the  conventional  CRT's  are 
•peciel  high  brightness  tubes  and  nearly  all  displays  use  external 
f i 1 te  r s to  accommodate  the  very  wide  range  of  ambient  light  encoun- 
tered in  an  aircraft  cockpit.  Deflection  circuits  may  be  either 
electrostatic  or  electromagnetic.  Some  older  designs  (F-lll,  B— 1 ) 
employed  a servo-driven  yoke  for  deflection  and  an  optically 
ported  CRT  (to  allow  strike  photos  to  be  taken  from  the  face  of 
the  CRT.  ) 

Traditional  radar  displays  are  presented  in  a variety  of 
formats,  with  the  most  common  including  B-ecan  and  eingle-radiue 
offset  plan  position  indicator  (PPZ).  The  B-soan  display  is  a 
rangs-aaimuth  display  in  which  a target  return  is  displayed  as  a 
brightening  of  the  eweep.  Horisontal  displacement  of  the  scan 
from  the  center  of  the  scope  corresponds  to  the  angular  position 
in  siimuth  of  the  antenna.  Range  ia  rsprssented  by  ths  vertical 
distance  from  ths  trace  origin  at  tha  bottom  of  the  scope.  The 
B-soan  is  thersfore  a distortsd  horisontal  projection  of  the 
eector  being  searched  j tho  distortion  a result  of  the  fact  that 
aiimuth  angle  is  represented  as  a rectangular  coordinate  instead 
of  converging  toward  the  antenna  as  the  beam  actually  does.  The 
advantage  of  this  distortion  is  that  cloee-in  targets  are  present- 
ed on  an  expanded  azimuth  acale  and  the  azimuth  of  these  targets 
can  be  more  easily  read.  However,  this  distortion  must  be  remem- 
bered when  using  the  B-scan  for  mapping  or  navigation  purposes. 

The  PPI  scan,  a modified  B-scan  in  which  rectangular  coordi- 
nates era  replaced  by  polar  :oordinates,  displays  range  and  bear- 
ing information.  The  trace  ia  generated  by  sweeping  the  intensity 
■ pot  outward  from  the  center  of  ,the  scope  each  time  a pulse  is 


transmitted.  Targets  are  displayed  by  a brightening  of  the  sweep 

as  in  the  B-scan.  As  the  antenna  rotates  the  trace  rotates  around 
the  center  of  the  indicator  so  that  the  angle  of  the  radial  line 
on  which  the  target  appears  indicates  the  azimuth  of  the  antenna 
beam,  The  distance  from  the  center  of  the  indicator  indicates 
range.  This  type  of  soan  ma)cas  it  possible  to  produce  a map  of 
the  territory  surrounding  ths  observing  station  of  the  indicator. 
Thic  display  is  tspecially  useful  for  wide-area  searching,  navi- 
gation, and  mapping. 

For  ground  mapping,  displays  up  to  +60®  by  200  mi  range  are 
typical  while  weapon  delivery  might  use  a display  of  +5®  by  2.5 
mi.  Newer  Doppler  systems  oftsn  use  a B-scan  format  to  display 
range  rate  versus  azimuth  angls. 

The  growing  number  of  aircraft  sensors  and  ths  incrsasing 
amount  of  data  available  for  display  (in  a vary  limited  space)  has 
led  to  the  concept  of  multiple  purpoce  displays  baaod  on  time  shar- 
ing one  display  head  fer  various  sensors  or  computer  generated  dis- 
plays. ■ Ths  same  CRT  may  be  used  to  display  E-W,  radar  data,  FLIR, 
weapon  TV,  electronio  automatic  direction  indicator  (ADI),  or 
LLLTV  during  various  phases  of  a mission.  Each  of  these  displays 
will  most  likely  contain  additional  symbology  superimposed  on  the 
basic  display.  This  concept  has  led  to  the  development  of  raeter 
•oen  dieplsy  formate  driven  from  a scan  converter. 

Ae  the  trend  in  scan  converters  has  shiftad  from  analog  to 
digital,  the  trend  i.i  radar  displays  has  also  shiftsd  from  analog 
(raw  video)  to  digitised  video  a discrete  numbsr  of  fixed  grey 

scale*.  Thie  trend  has  resulted  from  the  advent  of  digital  scan 
converters  and  also  from  the  large  increase  in  digital  signal  pro- 
cessing associated  with  modern  radars.  Scan  conversion  is  requir- 
ed co  present  Information  from  various  sensors  in  various  formats 
on  a common  display  in  a common  format.  It  also  provides  a means 
to  superimpose  computer  controlled  symbology  or  computer  generated 


displays  with  sensor  inputs.  Digital  signal  processing  is  being 
used  to  improve  target  detection  and  recognition,  improve  SNR's, 
reduce  clutter  and  false  alarms,  and  aid  the  operator  in  display 
interpretation.  In  some  highly  processed  radar  systems,  the 
operator  never  actually  views  sensor  video.  He  is  presented  with 
a display  that  consists  entirely  of  symbology,  including  target 
re  turns. 

The  next  logical  extension  in  displays  would  be  to  increase 
the  use  of  color  to  aid  in  rapid  operator  interpretation  of  the 
tactical  situation  being  displayed.  Another  technique  being  in- 
vestigated is  the  combination  of  information  from  several  sensors 
on  a single  display.  An  IR  or  TV  display  might  be  superimposed  on 
a radar  return  to  produce  a composite  display  that  contains  more 
information  than  either  of  the  component  parts. 

Obviously,  other  forms  of  displays  are  being  Investigated  as 
replacements  for  the  CRT.  Flat  panel  plasma  displays  and  light 
emitting  diode  (LED)  matrix  arrays  are  being  considered  aa 
alternates,  but  the  CRT  seems  destined  to  remain  as  the  dominant 
display  technology  for  the  near  future. 

3. 2. 1.1. 8 Radar  Simulation  Problems 


There  are  several  other  unique  types  of  radar  appearing  in 
the  literature,  including  bistatic,  millimeter  wavelength,  and 
foliage  penetration  radars.  However,  the  types  previously 
described  appear  to  offer  the  highest  probability  of  being  encoun- 
tered, and  they  offer  some  unique  challenges  to  the  radar  simula- 
tion community.  First,  and  perhaps  moat  significant,  is  the 
problem  of  resolution,  Past  radar  simulations  have  employed 
either  film  plates  or  DDB's  for  both  reflectivity  and  terrain 
elevation  data.  Neither  of  the  existing  approaches  can  provide 
acceptable  solutions  for  the  systems  of  the  1980's.  Film-based 
systems  offer  large  areas  of  coverage,  but  their  resolution  is 


. - . . ...limited  to  About  250  ft,  using  existing  maps  and  scale  factors. 
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systems  in  ues  also  havs  nominal  resolutions  in  the  250-ft 


s*a«gi,  With  selected  areas  (of  limited  size)  perhaps  stored  to 
fffolution.  Neither  of  these  approaches  the  10-ft  or 
resolution  needed  for  the  systems  of  the  1980's. 


®he  problem  is  also  complicated  by  the  fact  that  source  data 
is  simply  not  available  with  10-ft  resolution.  DMA  is  preparing 
J Level  I with  500-ft  resolution,  and  limited  areas 
l&' 'ttev.ei  II  data  to  100-ft  resolution.  Level  I data  is  scheduled 


-between  1985  and  1990  time  frame.  Level  II  data, 
.bests  1C  to  100  times  as  muoh  to  produoe,  will  be  limited  to 
‘btsss  only.  Data  with  10-ft  resolution  must  simply  be 
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: unavailable  in  the  time  frame  of  this  study. 


BKA  uu  b»**  contains  only  gross  descriptions 
ft.it  urea.  for  example,  urban  areas  oan  be  identified  as 
. >1 Vi other  areas  simply  as  "forest".  Link  has 


!^iwa^|fdted' -.synthetic  breakup  techniques  which  are  pseudorandom 
of  generating  realistic  radar  returns  for  these  areas. 

%•;  ^^W'iOUS  forms  of  texture  have  been  evaluated.  Good  feature 

°*n  currently  be  provided  with  texture  as  long  as  cor- 
relation is  maintained  from  sweep  to  sweep.  At  this  time  it  does 
not  appear  necessary  to  maintain  the  same  kind  of  correlation  scan 
to  soan  since  these  areas,  when  presented  on  the  actual  radar,  do 
not  necessarily  maintain  correlation  from  scan  to  soan.  Investi- 
^Stlon  is  continuing. 

Texture  is  added  by  modifying  the  radar  return  across  fea- 
tures representing  forests,  urban  areas,  etc.  Several  different 
methods  of  accomplishing  this  have  been  developed.  The  texture 
patterns  for  each  of  these  areas  will  be  selected  from  stored 
signatures  (or  computer  algorithms)  by  the  surface  feature  code. 
Spatial  frequency  of  the  breakup  is  varied  to  represent  different 
surface  character  but  contrast  end  area  affected  by  breakup  art 
limited  to  avoid  the  appearance  of  artifically  created  features. 
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Assuming  the  resolution  problem  is  overcome,  the  next  area  of; 
concern  is  correlation.  As  mors  and  mors  detail  i.  added  to  the 
radar  presentation,  there  are  more  and  more  features  to  be  noted 
by  an  observer.  A visual  scene  and  a radar  presentation  generated 
with  500-ft  resolution  might  appear  very  well  correlated,  How- 
j ever,  the  same  scenes  generated  with  10-ft  resolution  might  appear 

poorly  correlated.  Correlation  can  present  problems  in  scene  con- 
1 tent  as  well  as  relative  position.  Objects  detected  on  one  sensor 

must  be  detectable  on  all  other  appropriate  sensors  (as  well  as 
visual),  and  must  maintain  positional  accuracy  on  all  displays. 

As  resolution  continues  to  improve,  it  will  become  more  vital  to 
use  a common  data  base  for  all  sensors  and  visual  displays. 

Electronically  agile  radar  presents  an  additional  problem  to 
be  solved.  Current  digital  landmass  simulations  all  take  advant- 
age of  the  continuous  nature  of  conventional  antenna  scan  patterns 
to  minimise  the  amount  of  high  speed  storage  needed  for  display 
generation,  Data  immediately  ahead  of  the  antenna  is  the  only 
data  which  normally  resides  in  high  speed  memory,  with  the  random 
scan  position  used  by  EAR,  new  techniques  will  have  to  be  develop- 
ed for  data  management,  or  costly  increases  in  high  speed  memory 
will  be  required. 

These  are  but  a few  of  the  problems  to  be  solved  to  allow 
simulation  of  the  radars  being  developed  for  use  in  the  1980's. 

Advances  in  digital  technology,  radar  signal  processing,  and 
microwave  techniques  will  bring  continuing  advances  in  the  capabil- 
ities of  future  radar  systems.  Simulation  techniques,  system  de- 
signs, and  general  performance  requirements  will  continue  to  chal- 
, lenge  the  inventiveness  of  the  simulation  community  during  the 

80's. 
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3, 2. 1.2  Electro-Optical  Sensors 


V«r leu l E-0  aenaors  that  should  be  considered  for  existing  or 
future  ayetems  aret 


1 ) r TV  •»  Daytime  medium  resolution  TV,  high  raaolution  TV, 
V.  • I&fcTV,  mi  a alia  TV 


jigpg 


2)  IR  - FLIR,  miaaila  imaging  IR  (MUR),  IR  aaarch  and 
"'’track  (IR8T),  ZR  noM  and  tail  warning 


’3' ) ' .Ldear  - Laaar  apot  tracker  (L8T),  laaar  warning  racaivar 

.'/»  V -'V. 'j r tv  ' . 

, (M?R),  laaar  ranger  and  designator, 
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da  ploying  new  types  of  sensors  in  the  near 
"ii'  toward  improving  the  aanaora  already  avail- 


i^'wh i moat  likely  be  in  common  diaplaya,  enhanced 
Were ‘automatic  and  decision  making  features.  These 
Viinsd^t 'would  be  leas  of  a problem  in  a simulated  system 
' sirdraf t system  since  many  of  the  real-world 
l '^’wMipies  l,T  functions,  such  as  automatic  target  screening  and  class!- 


s<\  ' flea Sion*  could  be  defined  in  advance  in  the  simulated  environ- 
Image  generating  and  display  equipment  in  the  simulator 
Should  be  capable  of  providing  higher  reaolutionc  than  are  re- 
quired for  preeent  senaora  so  that  any  improvamenta  in  r<  »1  world 
equipment  would  be  of  minor  consequence. 
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3. 2. 1.2.1  Televielor 


TV  eensore  provide  video  imagery  of  contrasting  luminance  in 
an  Alimutn-elavation  format.  The  imagery  can  be  used  for  a 
variety  of  teaks,  such  aa  terrain  and  target  observation,  and  aa 
an  aid  for  flight  control  and  weapon*  delivery.  TV  tensors  become 
lata  effective  aa  the  acene  illumination  decraaaea,  and  are  also 
adversely  effected  by  fog,  clouds  and  smoke.  Various  TV  systems 
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contain  different  operating  characteristics,  such  as  resolution, 

field  of  view,  *can  line*,  etc,  Typical  characteristic*  are 
lifted  in  Table  3, 2. 1.2. 1-1.  The  TV  display  can  be  useful  for 
medium-to-cloee  range  observations  with  minimum  interpretation 
■ince  the  video  scene  is  a close  representation  of  the  actual 
Scene.  TV  sensors,  like  most  E-0  sensors,  are  gimballed  and  their 
particular  field  of  view  can  be  slewed  within  a particular  field 
of  coverage.  This  feature  can  also  bo  utilised  for  target 
tracking  and  slaving  to  other  tensors.  Tor  low  light  levels  or 
night-time  operation,  LLLTV  wj  'th  image  intensifies  are  ueed.  The 
tmsge  resolution  is  proportional  to  the  scene  illumination  and 
Will  become  noisy  with  s poor  contrast  and  a granular  display 
'jSW****nQS  ss  the  scene  falls  below  approximately  1/4  moonlight 
illumination.  Future  LLLTV  ayetemi  may  use  laasra  to  scan  the 
v."lftHl:flS;  and  improve  the  natural  illumination  but  the  final  displayed 
scent  probably  would  not  ehange  very  much  and  tharefore  would  have 
-'-I’ittltf  sffect  on  a simulated  system.  Missile  TV  usually  provide  a 
a lower  resolution  image  compared  to  daytime  TV  and  the  aspect 
Slksio  oould  be  111  rathsr  than  4 1 3.  The  effective  operational 
rings  for  moist  TV  systems  is  generally  leas  then  10  mi.  video 
bsndwidthe  for  the  various  TV  systems  range  from  5-25  MHz. 


3. 2* 1.2.2  Infrared 


IR  sensors  are  very  important  for  night-tim#  operations  and 
for  detecting  strong  ZR  emittors  euch  as  aircraft,  missiles, 
vehicles,  factories,  etc,  IR  applications  are  similar  to  TV  but 
are  not  limited  by  scans  illumination.  TV  is  severely  affected  by 
olouda  end  smoke  compared  to  IR  sensor*}  however,  water  vapor  does 
limit  IR  performance  and  humid  fog  will  have  a asvere  attenuating 
effeat.  There  ere  varioue  types  of  IR  systems  and  typical  general 
characteristics  are  listtd  in  Table  3. 2. 1.2. 2-1.  FLIR  and  imaging 
TR's  prsaent  a video  image  of  the  outsld*  scene  similar  to  TV; 
however,  tsmperature  differences  art  sensed  and  displayed  rather 
than  luminance  differences.  FLIR  resolutions  art  often  lower  than 
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daytime  TV.  Occasionally  FLIR  sensor  update  rates  are  on  the 
order  of  15-20  frames  per  sec  but  are  usually  converted  to  30 
frames  per  sec  for  a standard  cockpit  display.  FLIR  sensors  are 
also  gimballed  and  can  be  slewed  in  much  the  same  manner  as  TV 
sensors.  Although  FLIR's  are  Ideally  suited  for  hot  spot  detec- 
tion and  target  acquisition,  applications  such  as  ground  mapping 
require  some  interpretation  since  the  thermal  characteristics  of 
most  objects  vary  at  different  tines  of  the  day  or  night  and  with 
climatic  conditions.  The  effective  operational  range  for  most 
'imaging  XR  systems  is  generally  less  than  10  ml.  MUR  is  similar 
to  FLIR  but  generally  has  lower  effective  resolution  and  can  have 
a 111  aspect  ratio.  1RST  search  and  track  and  nose  and  tail  warn- 
ing sensors  usually  consist  of  a smaller  number  of  detectors  which 
are  rapidly  scanned  through  a larger  field  of  coverage  and  with 
longer  range  capabilities.  Typical  ranges  for  IRST,  which  can  be 
positioned  for  nose  or  tail  warning,  are  15  mi  for  nose  and  80  mi 
for  tail  sensors.  Other  IR  warning  systems  have  5-mi  nose  and 
25-mi  tail  ranges.  These  sensors  are  intended  to  detect  and 
poisibly  track  anti-craft  missiles  and  interceptors.  IR  nose  and 
tall  warnings  are  usually  displayed  as  symbols  and  may  also 
generate  an  aural  cue  or  illuminate  a lamp  indicator.  Updato 
rates  for  some  of  these  sensors  can  be  up  to  5 sec  but  they  are 
uaually  processed  by  means  of  a scan  converter  to  provide  a 
standard  30-frame  display  rate  when  presented  on  a CRT  display. 

3 . 2 . 1 . 2 . 2 . 1 Infrared  Sensor  Systems 

The  spectral  range  of  infrared  radiation  runs  in  wavelengths 
from  about  0.75^m  to  1,000  m with  regions  of  particular 
interest  from  about  1,0  ^m  to  30  For  infrared  sensor  atmo- 
sphere, a number  of  atmospheric  windows  exist  with  infrared 
transmission  efficiencies  of  up  to  90%  in  these  regions.  The 
bands  within  atmospheric  windows  which  are  of  interest  to  ground- 
vehicle  end  low-level  airborne  IR  sensors  are  approximately 
0.3-1.5/im  (visible  to  near  IR),  3.0-5.5^m,  and  8 . 0-1 4. 0 m. 
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IR  detectors  are  of  two  major  types:  thermal  detectors  and 
quantum  detectors.  Thermal  detectors  operate  by  absorption  of 

infrared  radiation  within  a bulk  detector  material.  This  may 
cause  a temperature  change  in  gae  pressure,  as  in  a Golay  cell,  or 
ohange  electrical  polarization  of  a crystal,  as  in  pyroelectric 
detectors.  Thermal  detectors  are  of  relatively  low  sensitivity 
but  are  independent  of  the  wavelength  of  the  incident  radiation 
and  often  may  be  operated  at  room  temperature.  Quantum  detectors 
operate  through  interaction  of  incident  photons  with  electrons  in 
a solid,  operating  as  a semiconductor.  Quantum  detectors  are  a 
function  of  the  incident  radiation  wavelength,  and  usually  must  be 
operated  at  reduced  temperatures. 

These  detectors  are  used  in  two  major  types  of  IR  sensors: 
devices  which  use  mechanical  scanning  of  the  field  of  view,  and 
devices  which  use  electronic  scanning.  A typical  example  of  a 
sensor  using  mechanical  scanning  is  the  Bendix  Thermal  Mapper. 

This  device  provides  a resolution  of  2.5  mrad,  f ield-of-view  scan 
angle  of  120*,  and  temperature  sensitivity  of  0.5®  C.  The  detec- 
tor is  an  indium  antlmonidu  unit,  cooled  with  liquid  nitrogen, 
which  covers  a wavelength  band  of  0.7-5.5^m. 

Other  similar  devices  typically  use  mercury  cadmium  tellur  ide 
detectors,  cooled  with  liquid  helium,  covering  a wavelength  band 
of  8-14^im.  An  example  o£  a sensor  which  uses  electronic  scanning 
is  a pyrolitic  vidicon  detector,  which  is  a vidicon  camera  tube 
with  pyroelectric  target  material.  This  tube  is  scanned  in  a man- 
ner similar  to  TV,  except  that  the  input  infrared  radiation  must 
be  chopped,  and  the  output  waveforms  reshaped,  since  the  pyroelec- 
tric effect  responds  only  to  changes  in  the  radiation  levels. 

Work  is  in  progress  on  solid  state  charge-coupled  devices  which  do 
not  need  the  vidicon  tube  with  electronic  scanning,  but  use  arrays 
of  quantum  detectors,  together  with  associated  state- integrating 
circuitry. 
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3. 2.].  2. 2. 2 Son3or  Resolutions 


A detinltion  of  resolution  for  a camera  IR  sensor  is  che 
number  of  resolvable  picture  elements  in  the  f ield-of-view.  A 
typical  pyroli tic  vidicon  camera  as  described  in  Section 

2* i» 2. 2> X haB  a standard  525-line  TV  format/  so  the  number  of 
picture  elements  is  525  by  700  or  367,500.  Special  cameras,  such 
as  tWr  KGA  STV-8  return-beam  vidicon  have  a f ield-of-view  resolu- 
tion of  5|C00  TV  lines,  in  a square  format,  for  a total  of  25  by 
10*  picture  elements.  Currently  this  tube  provides  response  in 
the  visible  end  nsar-iR  region  only. 

A definition  of  resolution  for  an  electromechanical  scanner 
*y?*  XR  tensor  is  the  scan  angle  reaolution  in  mrad,  typically 
1-2*5  mi' ad  far  preaent  systems.  This  will  normally  provids 
: 500-1,000  scan  line*  if  a TV  type  display  is  used. 

Oeneor  Slew  and  zoom  Rates 

Various  E-0  sensor*  have  different  slew  rates.  The  B-52 
• tier able  telsvision  (STV)  and  PLIR  sensors  have  slew  rates  of 
+90*  per  sec  while  the  Pave  'Track  pod  can  have  a slew  rate  of  150° 
par'  aec.  Missile  sensors  can  have  hand-controlled  slew  rates 
which  dan  be  in  the  order  of  6*  per  sec. 

toom  rates  are  usually  relatively  instantaneous.  The 
operator  switches  from  one  fixed  field  of  view  to  another  fixed 
field  of  view, 

3. 2. 1.2.3  Laser 


Lasers  are  an  important  means  of  designating  targets.  The 
L8T  and  ranger  is  primarily  used  to  track  ground  targets  and  to 
provide  guidance  and  range  information  for  weapons  delivery. 
Symbols  srs  generated  on  the  sensor  display  that  is  being 
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utilized,  which  is  usually  FLIR  or  TV.  The  operational  range  is 

generally  greater  than  10  mi.  Symbol*  are  also  generated  by  the 
1M R which  is  used  to  detect  any  threat  ..aeers  that  are  being 
directed  toward  the  aircraft.  These  signals  are  sometimes  dis- 
played on  the  360*  PPI  display  and  the  range  is  generally  limited 
to  about  10  mi.  Typical  characteristics  are  listed  in  Table 

2.  3-1  • future  sensor  systems  may  utilize  a combination  of 
laser  transmitters  and  infrared  receivers  which  could  result  in  a 
high- resolution  display  containing  range  information.  Lasers 
operate  at  a range  of  wavelengths  which  are  between  IR  and  TV  and 
Sre  therefore  relatively  eueceptible  to  the  same  atmospheric 
effects. 

3. 2. 1.2.4  Laser  Radar 

According  to  an  article  in  a recent  aviation  technology 
publication  (see  Stein),  laser  radar  has  the  capability  of  pre- 
senting e small  ares  of  covsrage  with  high  resolution  as  compared 
to  conventional  radar  of  low  raaolution  with  large  area  of  cover- 
aga . Millimeter  (mm)  wave  end  laser  radar  ere  expected  to  evolve 
as  aomplementary,  rather  than  competing,  technologies.  Laser 
radar  ia  known  to  hava  extremely  accurate  range-finding  character- 
istics, ae  well  as  precise  identification  cepebilitie e,  while 
mm-wave  ia  more  efficient  at  penetrating  battlefield  and  adverse 
weather  conditions.  Carbon  dioxide  laser  radar  developments  at 
United  Technologies  Research  Center  (UTC),  directed  toward 
advanced  development  of  two  new  helicopter-borne  pods  for  the  U.S. 
Army,  promiae  to  "usher  in  a true  multifunction  optical  radar 
capability." 

The  flying  laboratory  had  utilized  a 500-lb  laser  obstacle 
and  terrain  avoidance  warning  system  (LOTAWS),  developed  by  UTC 
and  flown  successfully  in  1975-76  on  a Sikorsky  CH-53  helicopter. 


The  new  pods  will  focus  on  NOE-oriented  missions,  providing 
TF/TA  avoidance,  Doppler  navigation  and  hover,  and  precision 
March  and  weapon  delivery  capabilities. 

The  new  poda  will  build  on  the  technology  developed  for  the 
LOTAWS  multifunction  carbon  dioxide  heterodyning  laser  radar, 
built  and  flown  for  the  Army  Avionics  Research  & Development 
Activity  at  Ft.  Monmouth,  N.J.  The  pods  are  expected  to  fly  on  an 
Army/S  ikorsk'’  UH-60A  Black  Hawk. 

Pod  Number  1 is  planned  for  delivery  around  June,  1981.  Thia 
pod1  a deaign  will  attempt  to  reduce  the  eize  and  weight  of  present 
technology  and  provide  identification  proceasing  of  tank  targets 
(see  Figure  3. 2. 1. 2.4-1) . Planned  dimensions  of  the  pod  are  40 
in.  long  and  8 in,  in  diameter,  with  a weight  of  125  lb. 

Pod  Number  2 ia  expectad  to  function  aa  a sensor  for  signal 
processing,  using  algorithms  being  developed.  Future  developments 
in  targpt  identification  and  weapons  delivery  capability  are 
expected  to  use  a 10-W  variable  output  format  and  a programmable 
waveguide  carbon  dioxide  laser  transmitter.  A carbon  dioxide 
laser  operates  at  frequencies  of  1013  Hz,  compared  to  about  1010 
for  an  X-band  radar  system. 

ThiB  increase  of  three  orders  of  magnitude  in  frequency  pro- 
vides much  smaller  beam  divergence,  which  varies  inversely  with 
frequency.  Dop  iler  sensitivity  is  also  improved  by  a factor  of 
100  to  1,000  times. 
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3 . 2 . 1 . 2 , 5 Displays 


Since  alphanumeric  messages  and  symbology  will  be  provided 
along  with  sensor  data  on  many  current  and  future  aircraft,  the 
tendency  is  to  use  a single  multifunction  display.  Now  and  in  the 
near  future  CRT  displays  should  be  in  use.  The  widespread 
application  of  other  types  of  displays,  such  as  liquid  crystal  or 
plasma,  does  not  seem  probable  in  the  near  future.  Qaneral  char- 
acteristics of  at typical  simulator  multifunction  display  are  as 
followsi 

1)  Viewing  Area  - 8.5  in.  horizontal  by  6.5  in.  vertical 

2)  Phosphor  - P-43 

3)  Video  Bandwidth  - 20  mhb 

4)  Brightness/Contrast  - 6 1 1 contrast  ratio  at  500 
ft-oandle  ambient 

5)  Horizontal  Scan  Rate  - 26.25  khz 

6)  Raster  Lines  Per  Frame  - 875 

7)  Vertical  Scan  Rate  - 60  Hz  per  field,  30  Hz  per  frame 

8)  Video  Input  - Composite  RS170  compatible  or 
non-composite 

9)  Synchronisation  - Internal  or  external  RS170  compatible. 


I 
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4.0  MISSION  TYPES  AND  REQUIREMENTS 


.*1. 
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v,;ftOility  exists  aa  a rtaaarch  and  davalopmant  tool  for  performing 

■Mji ^ | ' /•  ' - • - . ..  .... 

» man- in- the -loop  aimulationa  of  aircraft,  flight  con- 
Wiapona  dalivtry  concapta  of  an  advanced  nature." 
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. Th*  iinique  rola  of  PDL’a  flight  aimulation  raquiremant  tends 
to  impose  a mora  aavara  raquiramant  on  tha  ir  aimulation  davicaa 
placed  on  virtually  all  othar  faoilitiaa  in  Air  Force 
^jiytntpry;  This  ia  dua  to  tha  natura  of  axparimantation  and 
to  tha  regime  of  flight  and  tactica  required  of  FDL, 


'-•As- ’Stated  in  the  atatamant  of  work  (SCW),  "This  (tha  FDL) 
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.fcvffithtr  compound  tha  aophiatication  of  tha  facility  requirements, 
modarn  capabilities  of  advanced  sensors  and  their  diaplaya  are 
. 4UM«4  * JA’it  aa  tha  training  simulator  designer  evaluates  trade- 
that  will  provida  the  appropriate  cue  environment  for  the 
.tasks  assigned  in  a cost-effective  manner,  the  purpose  of 
Itudy  is  to  examine  the  real  needs  of  this  facility  based  on 


y tti# lion  r t<|u i r erne n t a and  de te r m i ne  how  to  economically  satisfy 
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.those  needs. 


• " 'In  order  to  focus  on  these  requirements  the  study  team  re- 

^/''V  is  wad  tha  mission  needs  as  stated  in  the  SCW  and  attempted  to 

evaluate  how  best  to  provide  those  requirements.  The  implications 
of  those  findings  should  be  explored  before  examining  the  specific 
mission.  As  mentioned  above,  tha  role  of  this  facility  is  quite 
sophisticated  and,  in  most  cases,  requires  simulation  capabilities 
beyond  the  state  of  tha  art  (SOTA).  The  problem  then  becomes  how 
to  apply  current  and  near-future  50TA  to  provide  a creditable 
research  capability.  The  answer  lies  in  taking  advantage  oft 


1)  Experiments  that  (in  general)  will  concentrate  on 

specific  short-term  segments  of  the  general  mission  of 
U.S.  Air  Force  combat  crews  and, 
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2)  The  fact  that  this  facility  will  not  be  used  for  train- 
ing. This  allows  dedication  of  current  and  recommended 
future  capabilities  to  specific  experiment  types  for 
which  they  are  best  suitod.  This  will  be  possible 
because  unlike  moat  training  environments  experiments 
conducted  in  this  facility  can  tolerate  discontinuation 
caused  by  multiplexing  sensor  data  base  sources* 
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FDL  is  required  "to  effectively  conduct  advanced  aircraft 
tradeoff  studies  and  flight  control  system  developments  under 
TOTAL.  HIM  ION  simulation/"  (5-Vear  Plan,  p.l).  This  man-in-the- 
loop  engineering  simulation  must  represent  both  the  natural 
environment  (terrain,  foliage,  and  weather)  and  battle* induced 
environment  (smoke,  gunfire,  threats,  and  countermeasures).  Among 
thf  ntx  cockpit  elements  to  be  involved  in  these  tests  are  digital 
flight  controls,  time-shared  displays,  and  keyboards. 

The  purpose  of  this  study  is  to  identify  those  simulation  ele- 
ments involving  advanced  sensors,  such  as  TV,  LLLTV,  FLIR,  BAR, 

PL*,  EAR,  1-0  scanner  tracker,  and  laser  radar.  These  sensors  may 
be  operational  on  combat  aircraft  throughout  the  1980's  and  early 
1990's,  and  hence  need  to  be  simulated  at  FDL. 

Unlike  the  past,  when  each  sensor  had  its  own  dedicated  CRT, 
current  practice  integrat  s a number  of  sensor  outputs  on  a single 
CRT,  This  practice  is  dictated  by  limitations  in  cockpit  apace 
and  the  need  to  keep  aircrew  workload  within  reasonable  bounds;  it 
is  easier  to  obtain  information  from  a single  integrated  display 
than  from  several  independent  displays,  each  of  which  provides 
only  one  type  of  information,  This  trend  to  multifunction 
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displays  produces  a number  of  benefits  in  addition  to  conserving 
cockpit  space  and  reducing  aircrew  workload: 

1)  Sensors  can  be  modified  and  new  sensors  added  without 
making  significant  cockpit  modifications. 

2)  Reliability  is  increased  in  two  ways.  With  a smaller 
number  of  display  heads,  there  is  less  to  go  wrong,  and 
if  a display  head  does  fail,  information  found  on  it  can 
usually  be  obtained  from  another  display  head. 

A rather  remarkable  convergence  of  practice  with  respect  to 
display  heads  has  taken  place,  and  it  is  virtually  certain  that  in 
the  foreseeable  future,  sensor  data  will  be  displayed  on  a data 
head  system  comprising: 

o A HUD,  whose  primary  functions  are  flight  control, 

weapon  delivery,  and  forward-looking  sensor  display. 

o A he lme t- mounted  display  (HMD),  whose  primary  functions 
are  flight  control,  weapon  display,  and  slewable  sensor 
d i s pi  ay . 

o A vertical  situation  display  (VSD)  with  much  the  same 
function  as  the  HUD. 

o A horizontal  situation  display  ( HSD)  used  for  naviga- 
tion, tactical  situation  display,  threat  analysis,  and 
display  of  downward  looking  sensors. 

These  four  display  heads  may  be  supplemented  by  advisory  dis- 
plays on  either  side  — a left  situation  advisory  display  ( LSAD ) 
would  display  downward  looking  sensors,  navigation  data,  stores 
management  data,  display  option  lists,  system  status  and  activi- 
ties, and  threat  analysis;  and  a right  situation  advisory  display 
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( RSAD ) would  display  energy  management  data  plus  engine  status  and 

activities. 

Tabl#  4,1-1,  taken  from  Krabs  at  al . , summarizes  tha  func- 
tions of  each  of  that*  display  heads.  Two  aspects  of  that  figure 
are  especially  inportanti  the  back-up  functions  (secondary  func- 
tions)  served  by  each  display  head  (labeled  DISPLAY  in  the  table), 
and  the  image  types  (forms  of  information)  for  each  display  head. 
In  the  FDL  simulation,  any  type  of  display  (raw  video,  digitised 
data,  symbology,  or  lines)  must  be  di splays ble  on  any  display 
head,  simultaneously,  and  correlated  in  both  space  and  time. 

While  the  configuration  of  display  heads  treated  in  Table 
i.1-1  is  most  directly  applicable  to  single-seat  tactical  air- 
•owaft,  and  the  pilot  seat  of  tandem,  two-seat  tactical  airoraft, 
display  heads  for  the  back-seater  (or  for  other-than-pilot  crew 
«•••  members  of  multi-seat  combat  airoraft,  suah  as  strategic  bombers) 
will  be  composed  of  the  same  elemsnts.  Hence,  for  the  purposes  of 
ttflla  study,  meeting  the  requirements  for  a single  seat  tactical 
illroraft  will  result  in  mss  ting  the  requlremsnts  for  any  aircraft. 

The  missions  and  mission  segments  described  below  are  rele- 
vant in  that  they  impose  specific  requirements  on  cockpit  displays 
being  simulated,  such  as  the  sizer  and  characteristics  (terrain, 
cultural  features,  emitters)  of  the  gaming  area,  the  number 
density  and  characteristics  of  objects  in  that  area,  resolution, 
accuracy  of  alignment  of  different  representations  for  the  same 
object,  etc. 


The  contents  of  the  sensor  displays  can  be  categorized  into 
the  following  five  categorical 


% 


1)  Terrain  Data 

2)  Cultural  Features 

3)  Ground  Targets 
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FORMS  OF  IN  FORMAT  IOtl 


Horizontal  Situation  o Navigator  o Alphanumeric  Backup  to  VSD 

Display  (HSD)  o Tactical  situation  o Symbolic 

o Threat  analysis  o Sensor  video 

o Downward-looking  sensor  o Projected  map/digitized  map 


Lett  Situation  o Downward- look ing  sensor  o Alphanumeric  Backup  to  RSAD 

Advisory  Display  o Navigation  data  o Symbolic 

(LSAD)  o Stores  management 

o Display  options  lists 
o System  status  and  activities 
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BEST  AVAILABLE  COPY 


4)  Airborne  Targets 

5)  Symbolic  Data 

The  following  discussion  treats  the  requirements  for  the 
amount  and  resolution  of  data  in  each  category. 


Terrain  Data  - This  must  provide  several  types  of  terrain,  ranging 
from  mountains  (e.g,,  Fulda  Oapj  to  deserts  (e.g.,  the  Mideast) 
with  the  resolution  determined  by  the  sensor  system  being 
simulated. 

i‘.  'iv'j  i.  I. 

guttural  Ft  a tura  s - These  have  to  be  compatible  with  the  terrain 
aslaotsd;  however,  by  judicious  choice  of  terrain,  requirements 
for  tfulturol  ft  i tura  s can  ba  ninimizsd. 


ground  Tar cat a - 
Three  of  tha  oruc 

art  i 


Thia  rapre santa  a moat  important  data  category, 
ial  issues  arising  with  raapact  to  its  simulation 


1)  What  typas  of  targa  ea  nasd  ba  aimulatad?  Moving  vahiclaa 
(tanks,  srmorsd  peraonntl  csrriars,  and  trucks)  which 
hava  to  ba  diatinguishad  from  each  othar  by  tha  tactical 
pilot,  art  raquirad.  Othar  tsotical  targats,  such  as 
8AM1  s and  rivercros  sing  squipmant,  should  be  provided. 

2)  What  ia  tha  minimum  number  of  targets  of  each  type  that 
is  required?  In  view  of  the  poesibility  of  engaging  many 
ground  targets  during  a single  firing  pass,  ssvsral  dozsn 
vehicles  may  be  required . 

3)  Is  motion  requirsd  of  vehicular  targets?  Yes,  because 
vehicle  motion  is  ueed  as  aid  to  identification  and  as 
input  for  prioritizing. 


H ‘ 

r : 


Airborne  Targets  - Both  aircraft  and  missile  targets  are  needed. 

A total  Of  »ix  simultaneoua  airborne  targets  (aircraft,  air-to-air 
mle#ilts,  and  SAM’s)  would  appear  adequate  for  FDL's  requirements. 


P»:- 
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Data  - The  amount  and  kind  of  symbolic  data  shown  are 


S*' 


!dV^iVfAl'haH  by  the  aircraft  systems  being  simulated. 
<a  MISSION  TYPE 8 


Although  the  FDL  will  presumably  be  called  on,  as  it  has  been 


, to  conduct  a wide  variety  of  experiments  associated 
wi$h'Tthe:  overall  character  of  the  laboratory,  this  study  ooncen- 
treted  on  purposes  of  tnose  missions.  More  specifically  this 
••••b.'4dy  considered  mission  elements  and  their  inherent  requirements 
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1)  Air-to-air,  air-to-ground  precision  weapon  delivery 
accuracy 
•i*>  W/TA  : 

: J'l  Nep-ofr- the -earth  (NOE) 

4)  Extended  yarning  areas 

• 5)  Performance  variation  (i.s.,  sub/supersonic  regimes) 
4)  Environmental  variations  (visibility,  etc). 


The  following  paragraphs  address  these  requirements  from  the 
point  Of  view  of  real  world  or  generic  requirements.  It  should  be 
noted  that  thsaa  will  only  serve  as  • bssis  of  comparison  in  ths 
parametric  evaluation  presented  elsewhere. 


4.2.1  Weapons  Delivery  end  Accuracy 

Air-to-ground  weapons  to  be  employed  in  planned  FDL  studies 
are  thoae  currently  in  the  inventory  and  evolutionary  devalopmants 
of  them.  Delivery  accuracies  range  from  circular  error  probabili- 
ties (CEP)  of  50  ft  for  conventional  "iron  bombs"  to  CEP’s  of  5-10 
ft  for  E-0  guided  and  2-5  ft  for  laser-guided  weapons. 


« 
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4.2.2  Terrain  Following  and  NOE 


It  la  anticipated  twat  a substantial  portion  of  the  flight 
profile  of  air-to-ground  missions  will  be  flown  at  low  altitude  to 
avoid  detection  by  enemy  radar.  Minimum  altitude  to  be  flown 
depend#  on  the  terrain  and  the  threat,  among  other  factors.  It  is 
.probable  that  altitudes  flown  in  combat  will  be  substantially 
lower  than  those  used,  for  safety  reasons,  in  peacetime  training. 
FLL  may  well  wish  to  simulate  such  wartime  altitudes.  A good 
estimate  of  this  minimum  wartime  altitude  is  100  ft;  an  altitude 
of  50  ft  is  well  within  the  range  of  possibility,  especially  where 
the  terrain  is  flat  and  enemy  defenses  strong. 

If  only  peacetime  altitude  minima  need  to  be  simulated, 
200-250  ft  would  be  adequate. 

/■  i . 

4.7.3  Gaming  Areas 

Since  the  typical  radius  (take-off  to  weapons  release)  of 
air-to-ground  missions  is  approximately  300  mi,  with  maxima  in  the 
500  to  700  mi  range,  the  gaming  area  provided  should  be  about  500 
by  500  mi  if  such  mission  simulation,  including  gross  departures 
from  planned  flight  paths,  is  required.  However,  a significant 
cost  element  is  a function  of  the  size  of  the  gaming  area,  and 
hence  considerable  economies  might  be  achieved  by  using  500-mi 
long  corridor,  vathor  than  a 500  mi  square.  Such  corridors  would 
have  the  following  properties! 

a)  Their  width  would  not  necessarily  be  uniform  along  the 
track  (or  from  one  corridor  to  another),  but  would  vary 
with  the  maxim  um  altitude  likely  to  be  flown  at  any 
point. 

b)  Their  length  would  not  be  a uniform  500  mi  but  would  be 
tailored  to  specific  experiment/mission  requirements. 


c)  To  cop*  with  departure*  from  the  planned  flight  path, 

on*  or  more  of  the  following  approaches  can  be  taken » 

1)  A forking  corridor  can  be  included  where  there  i*  a 
reasonable  expectation  of  a change  in  heading. 

2)  The  corridor  can  be  widened  where  there  is  a 
reasonable  expectation  of  an  increase  in  altitude, 
or  a moderate  departure  from  the  planned  flight 
path. 

3)  Image  detail  can  be  increased  when  there  i*  a 
reasonable  expectation  of  a decrease  in  altitude. 

4)  The  experiment  can  be  aborted  if  the  simulator 
aircraft  departs  too  far  from  the  anticipated 
flight  path. 

*)  The  amount  of  terrain  detail  provided  will  gener- 
ally be  uniform  acroe*  the  width  of  the  corridor, 
but  can  vary  along  it*  length  to  meet  specific 
mission  requirements  and  altitude  expectations. 

6)  To  compensate  for  learning  effects  and  to  enable 
more  confident  generalization  from  experimental 
data,  several  versions  of  each  corridor  can  be 
used.  To  some  extent  this  corridor  redundancy  can 
be  reduced  by  flying  a given  corridor  in  both 
directions. 

The  econarr.es  mud*  possible  by  the  use  of  the  corridor 
approach  place  a burden  on  the  experimenter  in  that  he  or  she  must 
d*L*ne  the  mission  and  the  experiment  before  incorporating  it  in 
reasonable  detail  the  production  of  corridor  imagery-  With  a 
square  gaming  area  § such  pr  6 par  a t i on  1b  not  nQQdtaclf  Assuming]  thflt 
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provision  for  meeting  all  probable  imagery  requirements  is  built 

in. 

Whether  the  square  or  the  corridor  approach  is  taken,  a vari- 
ety of  terrain  is  required,  Including  at  the  typical  European  ter- 
rain! (wooded,  hilly  to  mountainous)  and  Near  Eastern  geography 
(desert) . 

4.2.4  ' Environmental  Conditions 

The  degradation  of  various  sensors  (including  the  human  eye) 
by  such  environmental  conditions  as  darkness,  clouds,  fog,  rain, 
ice,  end  snow  needs  to  be  simulated.  Effects  need  not  be  simu- 
lated for  each  combination  of  sensor  and  environmental  condition; 
for  example,  lasers  are  not  affected  by  darkness,  and  certain 
laser  frequencies  are  not  attenuated  by  water  vapor. 

4.2.5  Sensor  Parameters  (accuracy,  FOV,  etc. ) 

The  characteristic  values  of  the  parameters  ol  each  sensor 
must  be  appropriately  simulated  so  that  the  task  loading  and 
system  performance  in  the  simulator  can  be  generalized  to  aircraft 
situations. 

For  imaging  sensors,  the  modulation  transfer  function  ( MTF ) 
curve  and  FOV  must  duplicate  real-world  valuea;  for  range  finders, 
accuracy,  variability,  and  beam  width  effects  must  be  duplicated. 
Tolerances  on  these  variables  should  be  sufficiently  tight  so  that 
the  sensor's  outputs  seem  correct  to  the  pilot  (or  other  crewman), 
and  provide  him  with  the  same  level  of  task  ’ceding  and  the  same 
total  system  performance  level. 

Applying  these  criteria  to  the  wide  FOV  sensor  of  the  LANTIRN 
system  (similar  considerations  apply  to  its  narrow  FOV  sensor  de- 
signed to  detect  and  track  "hot"  surface  targets),  the  display 
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system  should  be  identical  to  the  real-world  system  for  such 
parameters  as  brightness,  resolution,  and  FOV.  it  may  well  be 
4fS*r*i»*4  to  use  the  actual  LANTIRN  display  system,  driven  with  a 
simulation-derived  signal*  That  signal,  the  output  of  the  image 


generation  system,  needs  to  provide  resolution,  SNR's,  and  imaging 


content  meeting  the  requirements  for  imaging  sensors  discussed  in 
-fttoe  previous  paragraph. 
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• #>.  order  to  evaluate  tha  advancad  sensors  dsscribed  earlier, 
a- total  ralea ion  simulation  with  the  pilot  in  the  loop  must  be 

••;Puwh., simulation  must  provide  s realistic  oontext  for 
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tMke  involving  these  advanced  sensors,  duplicating  the  task 
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would  prevail  in  the  aircraft.  An  important  elament 
thii  taak  loading  requiremant  is  tha  simulation  of  the 


vOUt^the-eockpit  view.  Suoh  viaual  simulation  must  art  high 


:.f.i4e,14ty-..to.  eeeure  that  viaual  tasks,  auoh  as  acquisition  and 
£rjr ' ; ' 44ii'h .is* t to  n of  ground  targets,  art  of  raaliatic  difficulty. 

WlS:  effect  on  teak  loading  of  inappropriate  fidelity  — such  as 
with  a digital  aysttm  lacking  sufficiant  edges  to  embed  the  target 
in  realiatic  viaual  "noise",  or  with  a camera-model  syetem  (CMS) 
providing  insufficient  detail,  and  hence  permitting  target 
recognition  only  at  much  cloaer  than  real-world  distances  — can 
lead  to  loss  of  confidence  in  the  results  of  studies  employing 
these  advenoed  sensors. 


Whila  oaroara-model  visual  systems  can  provide  the  needed  fi- 
delity over  parts  of  the  miesion  spectrum,  they  have  critical  limi- 
tations in  the  low-altitude  regime,  aa  the  diffraction  effects  in- 
herent in  e probe  lens  of  a small  enough  size  to  permit  low  alti- 
tude simulation  with  e reasonably  scaled  modelboard  preclude  such 
a lens  from  providing  needed  resolution.  if  the  diffraction  ef- 
fects wars  minimised  by  using  a larger  lens,  the  probe  containing 
that  lens  could  not  get  sufficiently  close  to  the  model  board  to 
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simulate  the  low  altitudes  at  which  many  of  the  radar-avoiding 

ai'r-tp-ground  mission*  are  flown.  Section  6.3.2  discusses  the 
tradeoff*  involved,  and  Figure  6. 3. 2-1  plots  the  diffraction- 
jwivit  - v ..  caused  resolution  limit*  veraua  lena  size  limit*  on  minimum 
latitude  for  each  of  several  modelboard  scales.  It  should  be 
remembered  that  the  theoretical  value*  ahown  in  the  graph  are 
if-*  • optimistic  in  that  resolution  is  degraded  by  factors  other  than 

dAJJftcaotion,  and  the  edge  of  the  hypothetical  probe  lena  cannot  be 

<•  H . 

allpwed  actunlly  touch  th#  modal  board. 


Thue,  with  a CMS,  a raaliatic  air-to-ground  miaaion  can  not 
be;  einvuieted  in  its  sntirety,  although  part*  of  it  could  (e.g., 
raletiyely  high  altitude  cruise,  a modslboard  representing  only  a 
.ground  area,  a few  aecond*  before  and  after  weapons 
relMM).., 

f i Cla  system*  do  not  have  th*  d#pth-of-f ield  problem,  dif- 

fraction 1-imita  on  resolution,  and  modalboard  size  related 
rtAtriotipna  on  gaming  arts  intrinsic  to  CMS 'a.  Where**  tha 
performance  of  oamava-model  systems  is  largely  limited  by  the  laws 
of  phyeioa,  that  of  CIG  system*  is  limited  by  technology  and 
dollars,  and  as  digital  technology  continues  its  rapid  improvement 
with  time,  a given  budget  will  be  able  to  purchase  increasingly 
capable  systems  as  the  year  of  delivery  advancee  to  1990,  2000, 
and  beyond. 


For  the  foraeeable  future,  however,  CIG  systeme  will  have  a 
much  more  limited  number  of  pixel*  per  frame  or  per  arc  min2  than 
do  CM8's>  In  order  to  evaluate  th*  effect  (on  task  performance, 
teak  loading,  etc.)  of  the  limited  number  of  pixel*  available,  one 
must  first  optimise  the  uae  of  the  pixel*  that  are  available. 

Th*  eoarcity  of  pixel*  in  current  (and  foraeeable)  CIG  sys- 
tems he*  at  least  two  deleterious  effect*  that  are  likely  to 
affect  the  taak  performance  and/or  taek  loading  of  the  pilot  uaing 
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such  a visual  system  for  a task  such  as  air-to-ground  weapons  de- 
livary.  First/  because  of  limitations  in  the  number  of  edges  or 
facets  that  can  be  processed  and  displayed  at  any  given  time,  it 
is  necessary  to  model  a given  feature  with  an  increasing  number  of 
edges  or  facets  as  it  is  approached  and  its  angular  subtense 
increases.  Since  this  increase  is  necessarily  discontinuous/  the 
increased  detail  "pops  out"  as  one  nears  the  object/  rather  than 
increasing  continuously  and  gradually/  as  in  the  real  world.  A 
second  deleterious  effect  (this  one  not  unique  to  CIG  systems) 
arises  from  the  fact  that  one  of  the  cues  to  distance  or  altitude 
is  that  class  of  widely  distributed  features  one  can  first  distin- 
guish — blades  of  grass,  leaves  on  a tree,  branches  on  a tree, 
separate  trees.  If  a visual  system  does  not  have  sufficient  reso- 
lution and  detail  which  compromise  the  eyes'  acuity,  then  this 
important  cue  is  falsely  presented,  and  the  pilot  must  be  much 
closer  to  the  scene  to  perceive,  for  example,  separate  trees.  In 
such  a situation,  he  must  not  only  place  greater  reliance  on  other 
distance  cues,  such  as  object  sise  or  streaming  effect,  but  must 
discard  the  false  cues  — a difficult  action  to  take  since  this 
cue  has  been  a firmly  established  part  of  his  behavioral 
repertoire. 


In  order  for  CIG  systems  to  provide  the  same  task  difficulty 
and  task  loading  that  is  present  in  the  real  world,  these  two  con- 
sequences of  the  pixel  shortage  must  be  overcome.  The  "popping 
out"  of  objeots  (or  object  detail)  can  be  minimized  by  modeling 
small  Increments  in  detail  between  various  versions  of  features, 
and  assuring  that  features  do  not  disappear  once  they  "pop  out" 
with  normal  forward-looking,  forward  moving  flight.  Duplication 
of  the  "I  must  be  x meters  from  that  forest  now  because  I can  just 
distinguish  its  individual  trees"  phenomenon  requires  both  a high 
system  resolution  and  a sufficiency  of  individual  trees,  branches, 
and  leaves.  It  is  not  known  at  this  time  whether  these  details 
can  be  adequately  provided  through  texturing  techniques,  or  wheth- 
er facets  will  be  required. 


[•] 


4.4  DESIGN  REQUIREMENT  CONSIDERATIONS 

Several  points  should  be  considered  prior  to  exploring 
technical  solutions  to  the  problems  discussed  above.  There  are 
three  points  of  relevance  that  will  assist  in  developing  the 
concluding  recommendation  of  this  study. 

First,  at  previously  mentioned  some  latitude  can  be  taken  in 
the  evaluation  of  the  facility  requirements  and  later  in  the  de- 
sign, structure,  and  reality  of  the  experiments.  This  will  allow 
researchers  to  perform  experiments  in  a laboratory  environment  and 
derive  valid  results.  This  facility  is  intended  for  research  in 
specific  man- in- the- loop  experiments.  For  the  short-term  plans 
(cruise  and  navigation  exercises  notwithstanding),  mission  capa- 
bilities can  be  narrowed.  For  example,  this  concept  allows  the 
.facility  designs  to  develop  capabilities  related  to  specific  needs 
singularly  rather  than  on  a continuum.  Thus,  for  cruise-oriented 
experiments  the  design  is  permitted  to  suggest  multiplexing  sensor 
displays  with  separata  image  generators i CMS  for  take-off,  land- 
ing, etc.,  and  CIO  for  cruise.  This  flexibility  permits  construc- 
tion of  a creditable  system  even  though  simulation  technology  SOTA 
does  not  permit  the  design  of  a single  system  to  satisfy  all 
needs . 

The  second  consideration  of  note  for  the  facility  design  is 
that  the  specific  parametric  needs  (Section  4.2)  derived  from  real 
world  missions  need  not  be  reproduced  100%  in  order  to  develop  a 
creditable  system.  There  is  also  great  advantage  to  the  facility 
designer  in  that  SOTA  trends  in  sensor  displays  are  directed 
towards  the  synthetic  image.  Thus,  the  requirements  to  simulate 
high  resolution  detection  equipment  are  minimized  due  to  the 
technique  used  to  display  the  information  to  the  pilot.  This  does 
not  alleviate  the  problem  of  placing  and  detecting  elements  in  the 
operating  environment,  but  it  does  reduce  the  difficulty  for  ele- 
ments of  concern  (targets,  emitters,  etc.). 
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The  third  advantage  for  the  facility  deaign  is  related  to  the 
equipment  used  to  provide  the  sensor  displays.  Since  the  SOTA  for 
aircraft  displays  is  tending  toward  synthetic  video  (raster  and 
calligraphic)  a generic  system  can  be  employed  in  the  system. 

This  system  must  be  flexible  (e.g.  variable  raster  line  rates), 
but  can  be  used  for  a variety  of  applications.  This  is  due  in 
part  to  the  similarity  in  design  between  real-world  systems  and 
potential  simulation  systems,  i.e.  each  consists  of  display 
generators,  memory,  software,  and  display  heads  for  mixed  raster 
and  call  igraphic  , images. 

Although  the  requirements  placed  on  the  FDL  facility  are 
extremely  complex,  the  points  outlined  above  will  allow  facility 
designers  to  develop  a useable  system. 
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5.0  SIMULATION,  STATE  OF  THE  ART,  AND  TRENDS 

This  section  will  discus*  and  evaluate  all  available  image 
generation  and  processing  techniques.  Each,  of  course,  offers 
advantages  and  disadvantages  in  sensor  simulations.  In  this  sec- 
tion, only  the  technical  merits  and  limitations  of  each  approach 
are  considered.  Later  sections  of  this  study  will  investigate  how 
well. each  simulation  technique  solves  the  problems  faced  by  fdl, 
how  well  it  marges  with  existing  hardware  at  FDL,  and  what  poten- 
tial each  technique  offers  for  expansions  in  anticipation  of 
future  sensor  simulation  problems. 

5.1  IMAGE  GENERATORS 

5.1.1  Camera-Model  System 

This  type  of  system  has  clearly  established  its  usefulness 
and  has  become  a major  contributor  to  the  art  of  simulation.  In 
the  cqntext  of  this  study,  its  Importance  is  amplified  by  the  fact 
that  two  CMS 1 s are  already  part  of  the  existing  FDL  facility  and 
because  the  wealth  and  realism  of  details  of  certain  sensor  simu- 
lations point  directly  at  the  known  advantages  of  these  systems. 

To  understand  these  advantages  and  the  equally  well-defined 
disadvantages,  this  section  presents  the  fundamental  operating 
principles,  lists  some  successful  applications,  and  discusses  the 
major  system  components  which  limit  performance  and  application  in 
general  and  more  specifically  in  the  realm  of  sensor  simulation. 

5. 1.1.1  General  Principles 

The  major  components  of  a camera-model  image  generation 
system  include t 


1)  A scale  model  of  the  terrain  area 


2)  A bank  of  lights  to  illuminate  the  model 

3)  An  optical  probe  which  collects  light  from  the  point  in 
tne^eicdil  space  corresponding  to  the  simulated  observer's 
eye point 

4}  A cleead  circuit  TV  (CCTV)  camera,  which  receives  and 
image  relayed  from  the  optical  probe 

5)  A gantry  to  position  the  probe  and  camera  assembly  to 
eoU.ect  light  from  the  correct  eye  point 

Zn  recent  CMS' a the  models  have  been  24  ft  wide  by  64  ft 
long,  standing  on  edge  in  a vertical  plane.  This  orientation  has 
distinct  advantages  for  model  and  light  bank  access  and  floor 
space  consideration*  and  it  also  allows  the  gantry  structure  to 
carry  the  probe  and  camera  across  the  length  of  the  model,  thus 
minimising  bending  moment!  on  its  structure.  Thie  gantry  tower 
rolls  on  a horisontal  track  rigidly  anchored  to  the  floor.  In 
principle,  the  model  lengths  can  be  made  arbitrarily  long  (simply 
by  laying  mor#  track  for  the  gantry),  but  customer  space  limita- 
tions have  held  model  length  to  64  ft. 

5. 1.1. 2 Model board 


5. 1.1.  2.1  Model  Slie  Consideration 


Extending  the  model  width  beyond  24  ft,  although  not  impos- 
sible, has  major  implications  for  the  design  of  the  structure  and 
of  gantry  servos,  and  requires  undesirable  amounts  of  overhead 
building  clearance.  A serioua  consideration  in  sizing  models  is 
the  power  required  for  illumination.  CMS's  recently  installed  at 
Fort  Rucker  require  200  kw  of  power  to  illuminate  a 24  by  64-ft 
model  to  • level  of  about  7000  ft-candles. 

The  area  of  a model  of  a given  aize  may  be  use  to  provide 
coverage  of  a large  gaming  area  at  a low  level  of  detail,  or  a 
smaller  gaming  area  at  a higher  level  of  detail,  depending  on  the 


74 


scale  factor  chosen.  Rigid  models  have  been  made  with  scale 
factors  ranging  from  37  0*  1 to  5,000*  1.  Given  the  real-world 
vehicle  performance,  the  scale  factor  determines  the  required 
gantry  servo  accelerations  and  maximum  and  minimum  gantry  velo- 
cities (for  smooth  operation).  The  choice  of  model  scale  is 
strongly  influenced  by  considerations  of  depth  of  focus  in  the 
optical  probe  and  by  minimum  operational  eye  height  requirements. 

5. 1.1. 2.2  Special  Paints 

Selected  objects  on  the  modelboard  are  sometimes  painted  with 
pigments  whose  wavelength  spectrums  are  inside  or  outside  the 
visual  spactrum  but  within  the  camera  range  of  sensitivity.  Such 
painting  muat  be  in  compliance  with  paragraph  4. 3. 1.2  of  the  SCW. 

Technique  a for  selecting  these  special  painta  fall  into  two 
distinct  classes.  When  the  paints  art  chosen  by  passive  methods, 
they  are  chosen  to  be  optimised  for  the  particular  sensor  system 
or  portions  of  the  spsctrum  (for  which  the  balance  of  the  system 
chain  yields  affective  results).  The  disadvantage  of  such  methods 
is  that  they  limit  the  system  to  a narrow  range  of  seniors  center- 
ed on  one  frequency  band.  Active  methods,  on  the  other  hand, 
modify  the  model  or  paint  characteristics  by  exitation  from  an 
outside  source.  One  example  of  this  is  application  of  heat  to 
•elected  areas  of  the  model  via  embedded  electrical  resistive 
elements. 

In  the  field  of  camera  model  simulation  very  little  work  has 
been  done  in  testing  paints  for  reflectivity  and  absorptivity  at 
wavelengths  outside  the  visual  spectrum.  However,  during  the 
production  of  the  2B-31  helicopter  simulator  program  some  testing 
was  done  to  pick  the  paints  that  suited  Link's  Probe  Height  Sens- 
ing IR  emitting  assembly.  The  tests  established  paint  surfaces 
that  reflected  a minimum  of  35%  in  the  8400-8500  nmi  range.  A 
listing  of  these  painta  is  on  file  at  Link. 
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Link  has  attempted  to  paint  selected  objects  with  special 
pigments  to  emphasise  protrusions  and  shapes  that  should  be  rec- 
ognized through  the  display  system.  The  testing  was  done  on  the 
2B-31  CMS  and  the  method  found  to  be  ineffective. 

Fluorescent  paints  were  incorporated  on  the  KC-135  aerial 
refueling  prototype  camera  model  system  in  1964  and  in  the 
Strategic  Air-to-Air  Combat  (SAAC)  program  in  1976.  The  paints 
were  excited  by  ultraviolet  incident  radiation  to  a level  where 
the  continuous  fluorescence  of  visible  radiation  was  strong  enough 
to  be  effectively  picked  up  by  the  camera  of  the  .'lystem.  The  SAAC 
system  at  Luke  Air  Force  Base  in  Arisona  is  being  used  success- 
fully as  a target  illumination  subsystem  in  the  simulator. 

The  U.5.  Government  is  currently  testing  some  paints  that 
have  absorption  capacity  in  regions  that  could  Interfere  with 
sensor  detection  (radar  radiation  region).  No  data  is  available 
at  this  time.  It  may  very  well  be  possible  to  modify  existing 
terrain  modtlboards  to  simulate  the  desired  sensor  displays.  Much 
work  is  being  done  by  companies  such  as  Martin  Marietta,  McDonnell 
Douglas  Electronics,  Northrup  Corporation,  and  Texas  Instruments. 

Many  of  these  companies  are  using  techniques  such  as  special 
target  encodements  with  IR  responsive  paints,  video  processing, 
and  other  techniques  to  yield  IR  responses.  The  previously  men- 
tioned companies  were  contacted  informally  and  were  reluctant  to 
discuss  their  work  since  most  of  this  work  consists  of  in-house 
development  efforts  to  support  aircraft  and  sensor  development 
programs  and  all  of  the  technology  is  proprietary  with  the  company 
which  has  sponsored  the  development. 

Discussions  were  held  with  Independence  Scale  Models  Corp.  of 
Philadelphia,  PA.  They  were  adverse  to  dieclosing  details  of  the 
methodology  involved  but  were  willing  to  disclose  some  of  the  char- 
acteristics of  model  systems  that  they  produced  involving  active 
methodology  simulating  the  visual  and  infrared  wavelengths. 
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Independence  Scale  Model  Corporation  has  completed  the  fabri- 
cation of  Thermal  Terrain  Model  #MT-168  with  targets  and  controls 
for  the  U.S.A.  Missile  Command,  Advanced  Simulation  Laboratory, 
Redstone  Arsenal,  AL  35809.  Some  specifications  regarding  their 
product  are  summarized  in  Table  5. 1.1. 2. 2-1. 

The  three  areas  of  electromagnetic  radiation  were  controlled 
by  color  pigments  for  the  visible,  special  pigments  and  illumi- 
nation techniques  for  the  near  IR,  and  heating  elements  behind  the 
targets  for  the  thermal  IR.  All  three  area*  were  successfully 
used  to  teat  sensors. 

In  conclusion,  this  area  shows  some  potential  for  simulation 
of  aansors;  however,  the  use  of  paeeive  methods  would  require  a 
significant  amount  of  developmental  activity,  and  the  use  of 
active  methods  would  most  csrtainly  involve  major  modifications  to 
the  existing  facilities. 

Table  5. 1.1. 2. 2-1  THERMAL  TERRAIN  MODEL  MT-168 


Are  at  Teat  Area  Three  (3) 

Scalet  1*500 

Spectral  Response!  Visual  .4  to  .7  microns 

Near  IR  .7  to  1.5  microns 
Far  IR  3 to  15  microns 

Targetst  Buildings,  military  vehicles  (trucks  and  tanks) 

Control!  A control  console  was  provided  which  had  individual 
controls  and  adjustments  for  terrain,  water,  and 
target  heating. 

Summaryi  Thermal  Terrain  Model  #MT-168  described  above 
represented  a portion  of  Test  Area  Three  (3) 
Redstone  Arsenal,  Alabama.  This  8 by  16  ft  it  500 
scale  model  depicted  real-world  spectral  re- 
flectance characteristics  in  the  visible,  near 
IR,  and  thermal  IR. 


5. 1,1, 2. 3 Target  Scaling  and  Highlighting 


The  addition  of  target  models  at  an  exaggerated  scale  is  a 
viable  technique.  This  results  in  acquisition  of  the  targets  by 
the  pilot  at  extended  ranges,  thereby  circumventing  the  inherent 
resolution  limitations  of  the  closed  circuit  television  and  dis- 
play systems  in  the  simulation. 

This  can  be  a valuable  technique  in  fairly  wide  f ield-of-view 
systems  or  in  cases  where  weapon  launch  is  at  a range  where  a sig- 
nificant quantity  of  surrounding  cultural  detail  is  included  in 
the  aoene,  Because  of  the  increased  sises  of  targets  provided, 
the  pilot  may  underestimate  the  distance  to  the  target. 

This  technique  was  found  to  be  very  helpful  in  the  case  of 
the  AH-1Q  Cobra  Simulator  (Device  2B33)  for  tracking,  optical, 
wire  (TOW)  weapon  training.  In  this  particular  case  a model  scale 
of  1 500 1 1 was  used  whereas  the  target  scale  was  300 1 1 • 

In  conclusion  such  techniques  are  valuable  but  must  be  used 
with  caution,  since  the  eelection  of  target  scale  is  a function  of 
simulator  visual  system  characteristics,  unique  sensors  required, 
and  the  mission  being  simulated.  In  general  it  would  be  a simple 
task  to  change  target  sixes  on  the  model  as  a function  of  the 
mission  scenario. 

5. 1.1.3  illumination. 


Ideally,  the  lighting  for  a CMS  should  have  the  following 
desirable  characteristics! 

1)  High  lumen  efficiency  (the  light  output  (in  lumens)  per 
input  electrical  watt  should  be  high) 

Insensitivity  of  light  output  to  increased  temperature 
Good  color  rendering 


2) 

3) 


4) 


High  optical  delivery  efficiency  (the  smaller  the  source, 
the  easier  it  is  to  produce  a fixture  which  delivers  a 

high  percentage  of  the  lamp'*  light  to  the  model  surface) 

5)  Long  lifetime 

6)  Good  control  of  intensity  (ideally  the  lights  should  be 
infinitely  variable  from  zero  to  full  brightness  without 
introducing  a color  shift) 

The  types  of  light  source*  that  can  be  considered  to  fulfill 
'these  requirements  are  listed  in  Table  5, 1,1. 3-1  along  with  their 
: advantages  and  disadvantages.  Historically,  the  fluorescent 
: source  was  used  almost  exclusively  by  CMS  manufacturers  before  the 
; 1970's.  With  the  advent  of  metal  halide  lamps,  some  manufacturers 
•switched  to  metal  halide  while  others  stayed  with  fluorescent.  For 
‘ color  CMS ' ■ , the  dear  superiority  of  metal  halide  over  fluoreo- 

t . x 

'.cent  and  all  other  light  sources  is  shown  in  Table  5. 1.1. 3-1. 

The  .sodium  vapor  lamps  (QE  Luoalox,  Sylvania  Lumalux,  and 
Westinghouae  Ceramalux)  are  extremely  efficient  in  terms  of  light 
: output  per  electrical  input  watt.  However,  their  yellow-orange 
charactoriatic  color  makes  them  totally  unacceptable  for  accurate 
color  reproduction  in  color  CMS's.  For  a black  and  white  CMS  the 
: excellent  lumen  efficiency  of  the  sodium  vapor  lamps  makes  them 
the  logical  choice  if  the  model  is  painted  to  reproduce  the  cor- 
rect shade  of  gray  with  the  yellow-orange  illumination. 

The  clear  metal  halide  lamps  are  good  in  all  respects.  The 
color  rendering  of  the  metal  halide  lamp  can  be  improved  slightly 
by  using  a phosphor  coating,  but  this  seriously  affects  the  effi- 
ciency at  which  light  can  be  delivered  to  the  modelboard  because 
of  the  large  source  size  that  is  created  by  phosphor  coating  on 
the  outer  bulb. 
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Fluorescent  lamps  are  usable  In  terms  of  their  color  render- 
ing characteristics  but  have  two  disadvantages.  First  of  all, 
they  are  sensitive  to  haat.  If  a large  number  of  them  are  put 
together  for  high  illumination,  then  a special  air  ducting  struc- 
ture is  required  to  remove  the  heat  they  generate  in  order  to  keep 
the  lumen  efficiency  up.  Secondly,  the  light  is  not  easily  direc- 
ted by  a reflector,  and  if  used  without  reflectors  theoretical  con- 
siderations reveal  that  the  illumination  level  they  can  produce  on 
a modelboard  in  a practical  system  is  no  greater  than  70*  of  the 
bulb  wall  brightness.  Since  the  typical  bulb  wall  brightness  is 
5000  ft-lamberts,  this  means  the  maximum  illumination  that  can  be 
' v achieved  on  the  raodelboard  is  no  greater  than  3500  ft-candles  even 
if  the  lighting  bank  consists  of  flourescent  bulbs  touching  to- 
gether. Thie  has  been  demonstrated  by  two  systems  built  by  Link. 

_In  one  system  100  kW  of  fluorescent  lights  produced  a 3000-ft- 
-.'r. “ level  • on  a 22  by  44-ft  modalboard.  In  another  system,  100 
kft  of  clear  metal  halide  lamps  produced  a 7 4 0 C— f t-candle  level  on 
. the  same  else  modelboard,  thu*  demonstrating  the  greatly  superior 
optical  delivary  efficiency  of  metal  halide. 

• ’V  Vi  ’ • 

..  . J,  The  mercury  lamps  have  ju»t  fair  lumen  efficiency.  In  the 
case  of  the  clear  mercury  lamp,  the  color  rendition  is  poor  and  al- 
though this  can  be  improved  by  a phoephor  coating,  the  optical 
delivary  efficiency  suffers. 


Incandaacant  lamps  provide  excellent  color  rendition  but 
their  lifetime  and  lumen  efficiency  are  very  poor,  thus  eliminat- 
ing them  from  consideration. 

For  camera-model  work  intensity  control  of  the  light  sources 
discussed  above  has  traditionally  been  done  in  discrete  steps  by 
> abutting  off  a pattern  of  lamps  on  the  light  bank.  This  solves 

the  problem  of  changes  in  color  balance  of  the  light  source  but 
' does  not  allow  for  fine  control  of  the  intensity.  Incandescent 

lamps  can  be  controlled  from  zero  to  full  brightness  with  Silicon 
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Control  Rectifier  (SCR)  dimmers  with  some  change  in  color  balance. 
Ballasts  and  controllers  which  can  produce  changes  in  brightness 
throughout  a limited  range  are  also  available  for  the  discharge 
lamps  of  Table  5. 1.1. 3-1.  However,  except  for  lamps  having  a 
phosphor  coating,  there  is  a definite  color  shift  when  the  lamps 
are  dimmed.  With  dimming,  the  discharge  lamps  have  a long-term 
range  lower  limit  which  la  reached  after  the  lamp  temperature 
stabilises  (in  5-20  min,  depending  upon  the  type  of  lamp).  This 
long-term  limit  is  usually  significantly  lower  than  the  limit 
which  ia  reached  immediately  after  dimming.  Table  5. 1.1. 3-1 
ahowa  the  immediate  and  long-term  limits  for  1,000  W lamps  along 
with  the  response  time  to  the  long-term  limit. 


Future  developments  in  lighting  applicable  to  CMS'o  appear  to 
be  limited  to  further  improvements  on  tht  sxisting  light  sourcss 
of  Tabls  5. 1.1. 3-1. 


5 . 1 . 1 . 3 . 1 Effscts  of  Hlqh-Intsnsity  Illumination 


The  use  of  email  apertures  of  1 mm  or  less  has  required  very 
high  levels  of  illumination  (typically  7000  ft-candlea  for  the 
systems  built  at  Link  in  the  lost  few  years).  Besides  requiring 
large  amounts  of  electrical  power,  these  illumination  levels  are 
accompanied  by  thermal  expansion  problems  in  the  rigid  fibetglaoe 
terrain  models  (e.g.,  movement  of  as  much  na  1/8  in.  perpendicular 
to  the  model  surface  due  to  buckling  at  points  between  support 
studs)  end  point  fading.  Model  temperatures  of  as  high  as  120°F 
have  been  reached  in  a controlled  ambient  temperature  of  66#F  at 
the  7000-f t-candle  illumination  level.  Models  are  subject  to 
almost  immediate  damage  if  the  illumination  is  increased  beyond 
10,  000  ft-candlea.  This  problem  would  be  alleviated  in  a system 
which  can  use  a larger  aperture,  since  less  illumination  would  be 
required . 


The  laser  scanner  system  discussed  in  Section  5.1.4  elimi- 
nates the  use  of  high  model  illumination  levels.  The  camera 
system  is  replaced  with  a mechanical  scanning  system,  but  the 

probe  hardware  and  its  effect  on  system  performance  are  quite 
similar . 


5. 1.1.4  Probes 


Current  CMS's  are  usually  employed  for  visual  rather  than 
sensor  simulation.  As  such  the  emphasis  has  been  on  generating 
wide  f ield-of- view  probes  capable  of  close  approach  to  the 
mpdtl board  to  permit  NOE  training  and  takeoff  and  landing  exer- 
cises. 
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These  requirements,  of  clcse  approach  and  wide  field  of  view, 
havt;  ,d  iota  ted  the  direction  of  approach  to  probe  deeign.  The  per- 
spective point  of  an  optical  probe  is  its  entrance  pupil.  This 
pupil,  in  order  to  achieve  true  perspective,  must  be  at  a distance 
frfixn  the  modelboard  equal  to  the  simulated  eye  height  divided  by 
the  .modalboard  scale  factor.  Typical  modelboard  scale  factors 
range,  from  1 500 1 1 to  300Qil.  To  simulate  takeoff  and  landings  and 
Np.f  ,fliqbt,  therefore,  requires  that  the  entrance  pupil  achieve  a 
close  approach  to  tha  modelboard.  Ideally  the  pupil  should  be 
external  to  tho  probe.  An  additional  problem  at  low  altitude  is 
that  of  adequate  reaolution  over  the  entire  ground  plane.  Scheim- 
pflug  probes  have  been  developed  to  provide  increased  resolution 
of  the  ground  plane  at  simulated  low  altitudes.  Depth  of  field 
and  Scheimpflug  probes  are  described  in  section  5. 1.1. 4.  2.  To 
achieve  a conetant  image  size  for  constant  field  angle  imposes 
snothor  constraint  on  the  pupil,  A telecentric  objective  lens  is 
required  to  ensure  the  constant  image  size  for  all  simulated  slant 
ranges.  A tsleoentric  lens  has  its  aperture  stop,  or  image  there- 
of, located  at  the  front  focus.  Therefore,  the  entrance  pupil 
muet  at  the  front  focus  and  ideally  external  to  probe  optical  ele- 
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merits.  These  constraints  on  the  pupil  location,  in  conjunction 

with  the  wide  fiald  of  view,  limit  the  attainable  performance. 

Tilt  lenses  or  Scheimpflug  probes  (see  Section  5. 1.1. 4. 2) 
heve  been  developed  which  achieve  improved  resolution  in  a plane 
when  low  altitudes  are  simulated,  These  probes  introduce  addi- 
tional design  problems.  Ideally  the  tilting  lens  relay  cells 
should  have  *ero  principal  plane  separation  to  keep  the  image  from 
shifting  with  tilt.  The  relaying  of  pupils  from  one  tilting  lens 
Stage  to  the  following  tilted  stage  is  difficult.  Dynamic  field 
linsea,  which  frequently  have  been  unreliable  in  performance  and 
nonrepeatable  in  their  errors,  have  been  used  to  relay  pupils 
between  stages.  A Link-patented  Revolutionary  Scheimpflug  Visual 
Probe  (patent  number  3,985,  422  of  October  12,  1976)  eliminates 
nfany  of  the  constraints  of  the  conventional  Scheimpflug  probe 
design. 

A fish-eye  wide-angle  lens  was  used  as  the  objective  lens  in 
a probe  built  by  Dalto  Electronics,  Fish-eye  lenses  are  charac- 
terised by  large  diameter  elements  and  an  internal  pupil.  These 
lenses  have  large  distortions  and  require  complex  raster  shaping 
techniques  to  produce  a final  undistorted  image.  The  internal 
pupil  and  large  diameter  make  them  unsuitable  for  applications 
where  close  approach  to  a terrain  model  is  required. 

5. 1.1. 4.1  Optical  Considerations 

Difficulty  arises  in  keeping  the  entire  scene  acceptably  in 
focus  at  the  same  time  when  foreground  objects  are  very  close  to 
the  probe,  either  because  real-world  objects  are  in  the  scene  very 
close  to  the  simulated  vehicle,  or  because  the  real-world  dimen- 
sions are  reduced  by  a very  high  scale  factor.  A person  familiar 
with  photography  would  immediately  think  of  "stopping  down"  the 
probe  to  increase  depth  of  field.  Figure  5. 1.1. 4. 1-1  shows  the 
geometrical  basis  for  this  approach  to  controlling  depth  of  focus. 
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If  the  image  detector  is  placed  where  distant  objects  are  imaged, 
then  nearer  objects  will  be  in  sharp  focus  on  a plane  lying  behind 
the  lmiige  detector,  and  light  which  would  focus  to  a point  on  that 
plane  is  blurred  over  a circle  of  diameter  b when  intercepted  by 
the  image  detector.  The  diameter  of  this  circle  is  defined  by  the 
intercept  of  the  rays  from  the  outer  edge  of  the  lens  on  the  detec- 
tor plane  as  they  converge  toward  the  image  point.  It  can  be  seen 
that  the  amount  of  blurring  is  proportional  to  the  diamster  of  the 
lent. 


Hence,  one  might  suppose  that  if  a certain  diameter  lens  gave 
satisfactory  depth  of  focus  in  a real-world  situation,  then,  if 
the  probe  in  the  simulation  visual  had  an  aperture  no  larger  than 
the  diamster  of  that  lens  divided  by  the  scale  factor,  equivalent 
dtpth  of  focus  and  resolution  would  result.  However,  when  the 
wave  nature  of  light  is  accounted  for,  light  which  is  predicted  by 
geometrical  optica  to  be  imaged  to  a point  (aa  shown  in  Figure 
5. 1. 1. 4. 1-la)  ia  in  fact  blurred  by  diffreotion.  The  amount  of 
the  blurring  is  greet  enough  so  that  an  in-focus  image  gives  the 
impression  thst  the  point  in  object  space  is  spread  so  aa  to  sub- 
tend an  angle  (in  radians)  of  approximately  X./D  (where  \ ia  the 
wavelength  of  light)  when  viewed  from  the  lens  entrance  pupil. 

Thie  blurring  effects  the  entire  picture,  iot  just  the  objects 
which  ere  much  nearer  or  further  from  the  chosen  focus  distance. 
The  total  blur  will  be  greater  than  the  larger  of  the  two  blur 
term*  (geometrical  and  diffraction)  but  less  than  the  sum.  The 
geometrical  snalysis  encourages  the  reduction  of  aperture,  but 
from  the  atandpolnt  of  diffraction  alone,  the  aperture  should  be 
aa  large  aa  possible.  Clearly,  there  ia  an  optimum  aperture  when 
both  defocua  and  diffraction  are  considered,  for  which  the  geomet- 
rical effect  of  defocua  (for  objects  at  the  extreme  near  and  far 
ranges)  and  the  effect  of  diffraction  are  of  comparable  magnitude 
(see  Figure  5. 1, 1, 4. 1-2  ) . 


In  general,  this  optimum  aperture  has  fallen  in  the  0.5-1 
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mill  latter  range,  It  it  instructive  to  compare  \ /D  for  these 
Applications  with  the  angular  resolution  limit  imposed  by  the  TV 
raster.  These  have  been  mostly  60*  diagonal  systems,  with  36* 
degrees  appearing  across  the  height  of  a 1000-line  raster. 
Allowing  for  a 0.7  Kell  factor,  the  resolution  limit  is  at  a spa- 
tUl  frequency  of  one  line  pair  per  approximately  6 arc-min.  The 
ratio  X/D,  assuming  a wavelength  of  3500  A*,  is  1.89  arc-min 
(titer  conversion  from  radians)  for  a 1 mm  pupil,  or  3.78  arc-min 


for 


a 0.5  mm  pupil 


The  0.5-1  mm  apertures  thue  give  sufficient  depth  of  focus  to 
provide  satisfactory  imagsry  everywhere  except  when  landing  on  a 
: runway  (real-world  eyeheights  of  6.3-10  ft,  with  scale  factors  of 
‘1  WOi  1 to:  aOOOil)  or  when  simulating  NOS  helicopter  flight.  Here, 

■ the  extreme  foreground  Imagery,  although  objeotionably  fussy,  is 
v ■ usable . 


aperture  might  be  appropriate  for  camera-model  simu- 
lation of  a sensor  which  puts  a 3*  diagonal  field  of  view  on  a 
650-llne  raster  (TV  limit  at  less  than  1/2  arc  min),  particularly 
if  the  sensor  is  not  used  at  extremely  low  altitudes  (e.g.  when 
weapons  delivery  rather  than  landings  is  being  simulated). 


The  following  diacussion  and  Figure  5. 1.1. 4. 1-2  show  the 
Relationships  between  pupil  diameter,  resolution,  and  depth  of 
field. 

The  probe  is  focused  on  a plane  at  an  object  at  a distance  S. 
Objects  in  this  plane  will  be  sharply  imaged.  An  object  point 
lying  beyond  or  nearer  than  this  focused  plane  is  seen  by  the  lens 
as  a small  circle  of  confusion  of  diameter  C.  The  probe  images 
this  circle  as  if  it  were  a real  object  lying  in  the  focused 
plane.  The  limit  of  acceptable  depth  of  field  will  be  reached 
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when  this  circle  of  confusion  becomes  large  enough  to  subtend  a 
prespecified  angle  («)  at  the  entrance  pupil. 

0 » S»9  (since  ® is  small  c^S.tanO) 


Ll  ■ S+Dl 

The  limiting  angular  resolution  (®l)  ia  a function  of  the 
wavelength  ( \)  and  entrance  pupil  diameter  (d). 

g,  m & rad  (K  and  d same  units) 

d ’ 

For  ■ 0.54607  microns 

1.87725  (arc  min) 

•l  ■ 1 

d(mm) 

Me  want  « to  be  small  (for  good  resolution)  and  Dj.  and  D2  to 
be  large  (for  large  depth  of  field),  but  both  are  inversely  pro- 
portional to  d i so  the  value  of  d must  be  a compromise.  The  rela- 
tion between  g and  d for  a fixed  wavelongth  is  illustrated  in 
Figure  5.1.1. 4. 1-3. 

5. 1.1. 4. 2 Depth  of  Field  and  Schelmpflug  Probes 

A special  optical  technique  ia  sometimes  vaiuablw  to  accommo- 
date extremely  low-altitude  oyopoints.  For  oxamplo,  whun  «n  uir- 
oraft  is  approaching  or  standing  on  a runway,  the  runway  ahouhl  h<: 
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in  focus  from  the  very  near  foreground  at  the  bottom  of  the 
pilot's  window  to  the  end  of  the  runway,  a relatively  large 
distance  away.  With  a conventional  probe,  the  plane  of  best  focus 
in  object  space  is  perpendicular  to  the  probe's  line  of  sight, 
which  is  typioally  horizontal,  By  adding  intermediate  aerial 
images  to  the  probe  optical  layout  and  tilting  the  relay  lenses, 
the  plane  of  best  focus  for  a horizontal  line  of  sight,  normally 
vertical , can  be  transformed  to  coincide  with  the  plane  of  the 
runway.  The  tangent  of  the  lens  tilt  angle  required  to  accomplish 
this  transformation  is  inversely  proportional  to  the  probe  eye 
height  above  the  runway  and  to  the  probe  pitch  angle.  If  the 
scene  oonsists  of  flat  terrain  and  the  flat  runway,  one  obtains 
the  appearance  of  infinite  depth  of  focus,  from  the  foreground  out 
to  the  horizon.  However,  as  before,  focus  degrades  for  objects 
extending  perpendicularly  to  the  plane  of  best  focus.  Although 
the  entire  runway  is  in  focus,  vertical  objects  such  as  towers  and 
poles  will  appear  progressively  fuzzier  az  they  rise  above  the 
runway,  The  region  of  good  focue  it  thinner  for  more  extreme  lena 
tilta  (i.e.,  correction  for  lower  eyepointa).  The  moat  recent 
generation  of  tilt-lena  or  Saheimpflug  probes,  built  for  Link  by 
Farrand  Optical  Co.,  Inc.,  correct*  runway  focua  fully  down  to 
3-mm  eya  height  above  the  model, 

5. 1.1. 4. 3 Probe  Mechaniems 


Probe  pitch  device*  are  of  two  types:  single-reflection  (Fig- 
ure 5.1.1.4.3-la)  and  double-reflection  (Figure  5.1.1.4.3-lb). 
Single-reflection  pitch  haa  been  more  commonly  used  at  Link  ba- 
cauae  moat  applications  in  recent  year*  have  required  very  low 
eyepointe  to  be  simulated,  and  have  not  required  a wide  range  of 
pitch.  8ingle-re  flection  pitch  devices  can  be  designed  with  a 
cloeer  approach  of  the  pupil  location  (eye point)  to  the  model 
surface  than  double-reflection  designs  if  the  pitch  range  ie 
moderate,  but  cannot  provide  pitch  down  to  the  nadir.  Rscent 
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Figure 


designs  used  at  Link  provide  for  eyepoints  down  to  1.9  mm  from  the 
model,  with  a pitch  range  from  +25°  to  -40°. 

For  systems  with  less  severe  minimum  eye  height  requirements 
but  requiring  pitch  to  nadir,  Link  has  supplied  probes  with 
double-reflection  pitch  mechanism  (e.g.,  the  Apollo  Lunar  Module 
Simulator  (delivered  in  1966),  and  the  Orbiter  Aeroflight  Simu- 
lator (1975)).  These  probes  also  had  wide-field  objective  lenses 
of  100*  and  126®  diagonal  fields,  respectively.  The  Orbiter  Aero- 
flight.Simulator  probe  allowed  eyeheight  approach  to  within  about 
4*5  mm  and  had  pitch  capability  to  full  nadir  from  4-30®. 


3oth  types  of  pitch  design  result  in  image  rotation  sb  head- 
ing is  driven.  This  must  be  compensated  by  driving  an  optical 
de  rota  tor,  which  is  also  used  to  introduce  a rotation  to  simulate 
vehicle  roll.  In  addition,  the  double  reflection  design  rotates 
the  image  as  pitch  is  driven,  so  that  the  derotator  drive  must 
also  depend  on  pitch. 


5, 1,1.4. 4 Probe^  Optical  Axis  Pointing  Considerations 


Probe  line-of-sight  pointing  accuracy  is  affected  by  a combi 
nation  of  effectsi 

1)  Bearing  imperfections 

a)  Pitch  axis 

b)  Heading  axis 

c)  Derotator  axis 

2)  Backlash 

a)  Pitch  drive 

b)  Heading  drive 
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3)  Alignment  errors 

a)  Heading  axis  to  optical  axis  (although  Figure 

5. 1. 1. 4. 2-1B  shows  optical  axis  displaced  from 
heading  axis,  it  ia  returned  to  the  heading  axis  by 
aoma  diaplacemant  optical  folds  not  ahown  here) 

b)  Derotator  axia  to  optical  axis 

c)  Dsrotation  optical  components  to  derotator 
mechanical  axia 

The  combination  of  all  these  effects  produces  1 ine-of-sight 
daviationfl  of  the  order  of  magnitude  of  40-50  arc-minutes  without 
correction.  A probe  with  errors  of  this  magnitude  has  been  compen- 
sated  for  by  software.  The  errors  were  calibrated  and  stored  in  a 
table  as  a function  of  heading,  pitch,  and  derotator  orientation. 
The  software  made  interpolations  between  values  looked  up  in  this 
'tfcMfr-tfld  applied  additive  corrections  to  the  pitch  and  heading 
drive  commands.  This  method  produced  a corrected  line  of  sight 
Within  7-8  sre-min  error.  This  calibration  accounted  for  all 
errors  except  backlash.  Presumably  the  calibration  could  be 
refined  to  aooount  for  backlash  by  keeping  a history  of  the  last 
direction  etch  axis  had  been  driven,  so  as  to  reduce  the  error 
farther,  but  thie  was  not  done,  as  ths  results  wars  adequate  for 
the  application  without  thia  refinemant.  Howevar,  the  error  cali- 
bration did  not  hold  ita  validity  over  extended  periods  of  use  and 
had  to  be  recalibrated  frequently.  Thia  experience  suggests  the 
desirability  of  a feedback  scheme  in  which  error  Is  detected  con- 
tinuously by  monitoring  displacements  of  the  images  of  reference 
points  on  ths  model. 


5 . 1 , 1 . 4 . 4 . 1 Probe  Pointing  System 

One  probe  with  such  a feedback  system  is  the  Aviation  Wide 
Angle  Visual  System  ( AWAV8 ) probe  delivered  by  Link  to  Naval 
Training  Equipment  Center  (NTEC)  . Thia  probe  covered  a maximum  of 
60*  field  and  incorporated  a zoom  lens  which  reduced  the  field  of 


view  to  approximately  16°.  See  Figures  5. 1 . 1 . 4 . 4. 1-1  and 
5. 1 . 1 . 4 . 4 . 1-2  for  the  block  diagram  and  optical  schematic. 


Optical  filters  separate  the  laser  signal  from  the  back- 
ground. The  laser  signal  is  imaged  onto  a detector  array  that 
supplies  information  to  the  probe  pitch  and  heading  servos  to  cor- 
rect pointing  errors.  For  the  large  field  (60° ),  the  detector 
resolution  is  +2  min.  As  the  zoom  power  changes  and  the  field  is 
reduced  the  resolution  improves  to  +0.5  min  per  element.  Sensor 
simulation  does  not  require  wide  fields  of  view,  nor  low-altitude 
simulation  in  general.  Therefore,  two  constraining  parameters  are 
eliminated  if  a new  probe  were  to  be  designed  expressly  for  sensor 
simulation  applications.  Tha  maximum  field  could  be  limited  to 
about  20#,  and  with  a smaller  field  of  view  required,  the  probe 
design  bacomea  assier.  Improved  resolution  and  reduced  pointing 
errors  are  well  within  the  state  of  the  art. 

5.1. 1,5  Scan  Lines  and  Bandwidth 

In  a television  system,  horizontal  resolution  and  vertical 
resolution  are  equally  costly  in  video  bandwidth.  That  is,  on  the 
basil  of  a fixtd  bandwidth,  the  vertical  raaolution  increases  with 
the  number  of  acanning  linaa  and  tha  horizontal  ra solution 
dacraasaa  a corresponding  amount  and  visa  versa.  Furthermore,  if 
a givan  increment  of  resolution  is  available  for  increaaing  the 
quality  of  a picture  which  originally  had  equal  vertical  and  hori- 
zontal resolution,  the  quality  will  be  improved  more  by  applying 
the  increment  squally  to  the  vertical  and  horizontal  reaolution 
than  by  applying  it  to  improve  resolution  in  only  one  direction. 
This  conclusion  follows  from  the  known  equality  of  the  acuity  of 
the  human  eye  in  various  directions  and  the  random  orientation  of 
the  subject  matter  transmitted.  Hence,  the  optimum  use  of  the 
transmission  band  requires  that  the  number  of  lines  be  near  that 
number  which  provides  equal  horizontal  and  vertical  resolution. 
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Flyurt  5. 1. 1. 4. 4. 1-2  FRESNEL  LENS  OPTICAL  LANDING  SYSTEM  ( FLOLS 
LASER  AND  TRACKER,  OPTICAL  SCHEMATIC  DIAGRAM 
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The  resolution  capability  of  a video  system  is  a function  of 
the  operating  mode  which  is  chosen  during  the  design  of  the  system 
and  the  performance  of  the  various  system  elements.  Of  fundamen- 
tal importance  in  setting  the  operating  mode  is  the  attainment  of 
a high  SHR,  i.e.,  40  dB  or  greater.  Also/  if  the  contraet  of  the 
objeot  to  be  televised  can  be  100%,  system  performance  will  be 
maximised. 


Choosing  the  scanning  mode  involves  two  separate  decisions, 
first/  the  designer  must  choose  the  number  of  scan  lines  per 
picture  (frame)  in  inverse  proportion  to  the  sise  of  the  detail  to 
be  reproduced.  Second/  the  designer  must  choose  e vertical  repeti- 
tion rate  (in  conjunction  with  phosphor  persistence)  fast  enough 
to  avoid  flicker  if  human  observation  is  involved,  yet  alow  enough 
to  keep  within  reasonable  bandwidth  requirements.  The  vertical 
oan  be  ohoeen  so  that  more  then  one  verticil  cycle  is  needed 
to  eoan  the  complete  frame,  in  this  mode,  the  seen  lines  of  auc- 
.otftlye  vertical  oyclee  (fields)  are  interlaced  spatially  and  the 
bandwidth  requirement  is  laea  than  for  sequential  scanning.  How- 
ever, in  vsry  high  reeolutlon  systems,  vertical  reaolution  is  de- 
graded somewhat  by  interlacing. 
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• The  interrelation  between  bandwidth  and  scanning  modes  is 
described  by  the  following  formula! 


Af  a oyclee  x width  ■ TV  lines/height  x w x 

active  time  height  2 H 

where  ttotiVt  ■ tiine  “ tblank 


tactive 


Thua  for  t given  bandwidth  of  Af, 


horisontal  reeolu'  ion  (TV  lines/picture  height) 


Af  x — x ( tactive) • 
W 


« ■ .'  ,r.  A V* 


( 
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The  results  of  this  formula  are  plotted  in  Figure  5.1.1. 5-1.  From 
this  it  may  be  seen  that  a higher  scanning  rate  across  a given 
pattern  produces  a higher  frequency  and  a wider  bandwidth  is 

required,  Also,  the  higher  scanning  rate  means  more  lines  per 
raster  and  allows  a higher  vertical  resolution,  typically  to  about 
70%  of  the  number  of  scanning  lines, 


Vertical  resolution  is  described  by  the  following  formulai 

Vertical  resolution  ■ (number  of  active  scan  lines) 

x Kell  factor 


■ lines  per  frame 

x (force  time)  - (blank  time) 
frame  time 

x Kell  factor 

where  the  Kell  factor  is  the  fraction  of  the  total  number  of  scan 
linee  which  actually  can  be  resolved. 


In  addition  to  the  limit*  imposed  by  the  choeen  scanning  mode 
and  the  available  video  bandwidth,  there  are  finite  limitation#  of 
other  element*  in  the  TV  system.  These  include  i 

1)  The  diameters  of  the  electron  beams  in  the  image  pickup 
sensor  and  in  the  image  display  CRT 

2)  Image  spreading  in  the  image  pickup  sensor  itself  (e.g., 
by  lateral  charge  leakage  in  a vidicon  photoconductor) 

3)  The  equivalent  aperture  of  the  optical  lens  in  the 

system 

4 ) SNR 

5)  The  bandwidth  of  the  CRT  circuitry 
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Figurt  5,1. 1.3-1  INTERRELATION  OF  SCANNING  MODE, 
BANDWIDTH,  AND  HORIZONTAL  AND  VERTICAL  RESOLUTION 


100 


l 

JLaeaaEgsr^\ 


-*•  w‘.  wi-  w’.  ^ «.  »*•  *'»  V * *-’  • »'.**. 


Vv.\. 


. *S  •*-  S N . ' * « * 


Available  systems  are  based  on  various  sizes  of  image  pickup 
tubes  with  various  photosensitive  surfaces.  For  applications 

where  sufficient  illumination  is  available,  a vidicon  is  appro- 
priate. Vidicons  are  available  with  useful  photoconductor  dia- 
meters of  2/3  in.  to  4 1/2  in.  and  with  various  signal  storage  and 
lag  characteristics.  For  applications  where  illumination  is 
» spares,  an  Isocon  or  Silicon  Intensified  Target  (SIT)  image  sensor 

may  be  used.  Section  5. 1.1.1  discusses  various  image  tubes  and 
* their  characteristics. 

In  a television  system  of  constant  line  and  field  frequen- 
cies, lino  interlace  of  order  greater  than  2 1 1 offers  an 
improvement  in  vertical  resolution  without  an  increase  in  video 
bandwidth. 


The  general  idea  of  interlace  is  to  lay  down  fields  of  N 
lines,  but  to  displace  successive  fields  by  a fraction  of  a line 
pitch  so  that  the  gaps  between  lines  are  filled  in,  If  one  extra 
line  is  inserted  in  each  gap,  the  result  is  the  familiar  2 i 1 in- 
terlace. If  two  lines  are  inserted,  the  result  is  3tl  interlace, 
and  so  on.  The  total  number  of  lines  in  a frama  or  picture  is 
increased  by  increasing  th#  interlace  order  and  hopefully  the 
subjective  vertical  resolution  of  the  system  is  improved. 


2-to-l  interlace  was  adopted  as  standard  sarly  in  ths  his- 
tory of  television  and  has  been  widely  used  ever  oince.  Over  the 
years,  3 1 1 and  4*1  interlace  systems  havs  been  tried,  but  found  to 
be  unacceptable  due  to  the  objectionable  large-area  flicker,  line 
crawl,  and  bright-dim  line  pairing  phenomena.  More  development 
must  taka  place  in  high-order  interlace  TV  systems  before  its 
theoretical  merits  can  pay  dividends. 


5. 1.1. 6 TV  Image  Tubes 


Sine*  the  availability  of  the  first  TV  camera  tube,  the  trend 
has  been  to  develop  tubes  with  better  resolution  response  and 
greater  sensitivity,  while  operating  at  lower  and  lower  levels  of 
faceplate  illumination,  and  while  maintaining  or  improving  the 
quality  of  the  image.  Due  to  the  prolific  development  efforts  of 
various  image  tube  manufacturers,  many  generic  tube  types  have 
emerged.  Each  type  has  a wide  range  of  performance  parameter 
variation  and  application.  Soma  of  these  devices  are  compared  in 
the  following  discussion.  It  is  interesting  to  note  that  while 
electronic  television  has,  from  its  beginning,  depended  on  elec- 
tron beams  for  picking  up  and  reproducing  the  image,  it  now 
appears  that  self-scanned  semi-conductor  devices  are  beginning  to 
carry  out  many  of  the  functions  of  camera  tubes. 

Vldlcon,  SB281  (Sulfide)  - The  standard  vidicon  tube  use  an  anti- 
mony tr iOulffide  target  and  is  the  most  widely  used  for  closed  cir- 
cuit surveillance  and  general  TV  applications.  It  is  basically  a 
high  resolution  device  and  is  available  in  various  sites  from  1/2 
in.  to  4 1/2  in,  diameter  faceplates,  resolution  being  propor- 
tional to  aise. 

Its  spectral  response  covers  most  of  the  visible  light  range 
and  moat  closely  approximates  the  human  eye.  A useful  feature  of 
the  vidicon  is  the  controllability  of  the  target  voltage  to  permit 
variation  of  tube  sensitivity  with  light  range.  It  can  produce 
useful  information  at  scene  illumination  levels  ranging  from 
1-10,000  ft-candles.  The  tube's  spectral  sensitivity  extends  from 
300-800  run,  peaking  out  in  the  green  spectrum,  but  is  lower  in 
sensitivity  than  other  tubes.  It  requires  light  levels  approxi- 
mately the  same  as  normal  room  lighting.  The  major  disadvantage 
of  the  vidicon  is  that  its  photo-conductive  target  exhibits  some 
lag  or  stickiness  which  limits  its  dynamic  resolution.  This  lag 
characteristic  is  a function  of  light  level;  hence,  dynamic  reso- 
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lution  ia  poorer  at  low  scene  illumination  levels.  The  amount  of 
lag  increases  as  illumination  decreases  because  of  the  lower  volt- 
age excursion  across  th  /idicon  target  which  exists  under  these 
condition*.  Hence,  dynamic  resolution,  the  ability  of  the  vidicon 
to  distinguish  fine  detail  under  conditions  of  motion,  will  de- 
crease as  illumination  decreases.  Other  disadvantages  of  this 
tube  are  its  dark  current  (a  function  of  target  voltage)  which 
leads  to  shading  problems,  its  image  blooming  characteristic  when 
subjected  to  highlights  and  point  light  sources,  and  its  tendency 
for  image  burn-in  from  intense  light. 

Its  gamma  of  0.7  provides  an  advantage  in  minimizing  the 
amount  of  artificial  gamma  correction  required  in  a TV  system;  the 
less  artificial  gamma  correction  a system  uses,  the  better  the  SNR 
becomes. 

Silicon  Diode  Array  (SPA)  - The  SDA  is  made  up  of  a mosaic  of 
light  sensitive  silicon  material  and  is  approximately  four  times 
as  sensitive  as  a sulfide  vidicon.  Other  advantages  are  its  broad 
spectral  response  (380-1200  nm),  low  dark  current,  high  resistance 
to  photo-surface  burn,  good  SNR,  and  a reduced  blooming  target. 

Its  infrared  sensitivity  makes  the  tube  very  useful  for  detecting 
hot  objects  of  IR  illuminated  scenes. 

The  SDA'b  sensitivity  makes  it  useful  for  operating  over  an 
illumination  light  range  of  0.1-5,000  ft-candles.  Unfortunately 
it  does  not  have  the  capability  for  automatic  sensitivity  control 
the  means  of  signal  electrode  voltage  regulation  as  does  the  SB2S3 
vidicon.  Consequently,  an  alternate  scheme  of  light  level  control 
is  required,  such  as  an  automatic  servo  iris.  Its  lag  character- 
istic is  better  than  the  SB2S3  vidicon,  but  not  as  good  as  the 
Lead  Oxide  tube  (to  be  described).  Its  dark  current  is  lower  than 
the  SB283  vidicon,  thus  providing  better  shading  characteristics, 
but  its  limiting  renolution  of  800-1000  lines  is  not  as  good  as 
the  1000-1200  lines  for  the  1 in.  SB2S3  vidicon.  The  SDA  has  a 
linear  signal  output  vo.  light  input  characteristic.  Thus,  its 
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gamma  is  1.0/  resulting  in  the  need  for  an  artificial  gamma  cor- 
rection circuit,  and  the  inherent  SNR  degradation. 

Tha  8 DA  ia  available  in  target  diameters  of  2/3  in.  to  1 in. 

Newvicon.  The  Newvicon  was  developed  as  an  improvement  over  SDA 
tubes.  Its  cadmium  and  zinc  tellurides  target  material  provide  a 
sensitivity  of  approximately  20  times  that  of  the  SB2S3  vidicon. 
Other  advantages  over  the  SB2S3  are  no  blooming  of  high  brightness 
details/  freedom  from  image  burn-in/  and  low  dar)c  currents.  It  is 
available  in  both  the  2/3  in.  and  1 in.  diameter  targets. 

The  Newvicon's  static  limiting  resolution  is  approximately 
800-900  TV  lines  while  its  dynamic  resolution  is  limited  by  a lag 
characteristic  similar  to  the  SB2S3.  Its  spectral  sensitivity 
range  covers  from  400  nm  to  850  nm,  making  it  useful  for  applica- 
tions in  the  near  IB  region.  Its  gamma  is  1.0  like  the  SDA,  but 
its  dark  current  is  less. 

The  Newviaon  operates  in  a manner  very  similar  to  the  SDA  in 
that  it  uses  a fixed  target  voltage  and  must  use  an  auto  iris  lens 
system. 

Lead  Oxide  (PbO)  - The  PbO  target  is  a high  resolution  tube  with 
an  excellent  lag  characteristic/  better  than  any  image  tube  previ- 
ously mentioned.  The  tube  is  used  primarily  in  broadcast  cameras 
where  low-lag/  low  dark  current,  low  burn-in  and  low  shading  char- 
acteristics under  normal  lighting  conditions  are  required.  It  is 
available  in  target  sizes  ranging  from  2/3  in.  to  30  mm  diameters. 
Its  gamma  is  1.0.  By  design,  it  does  not  permit  automatic  sensi- 
tivity control  by  means  of  regulating  the  signal  electrode  volt- 
age. Like  the  SDA  and  Newvicon,  it  requires  an  automatic  lens 
iris  system  to  accommodate  varying  scene  illumination  levels. 

The  resolution  characteristics  of  the  PbO  vary  from  800  to 
1400  TV  lines  depending  on  target  size. 
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The  more  recent  versions  of  PbO  tubes  are  being  supplied  with 
diode  gun  construction  rather  than  the  more  conventional  triode 
gun  which  results  in  lower  lag  performance.  Use  of  the  diode  gun 
narrows  the  velocity  spread  of  the  electrons  in  the  beam,  thereby 
reducing  the  beam  resistance  and  shortening  the  lag, 

Saticon  - The  Saticon  is  a type  of  vldicon  tube  with  a Selenium- 
Arsenic-Tellurium  photoconductor.  The  tube  was  developed  specifi- 
cally for  small,  high-performance  color  TV  cameras,  but  has  proven 
useful  for  many  other  applications.  The  photoconductor  represents 
an  improvenent  in  resolution,  stability,  and  reduction  of  optical 
flare  over  the  currently-used  PbO  photoconductors.  Its  sensi- 
tivity is  comparable. 

The  photoconductor  of  the  Saticon  has  a linear  1 ight- transfer 
characteristic;  i.e.,  gamma  is  unity  over  the  useful  range  of 
signal  current.  Its  dark  current  is  extremely  low. 

The  high  optical  absorption  and  low  reflectance  of  the  photo 
conductive  layer  used  in  the  Saticon  are  of  particular  importance, 
Since  very  little  light  ia  reflected  back  into  the  optical  system 
from  the  photoconductor,  the  contrast  and  color  fidelity  of  low 
lights  in  the  picture  are  not  degraded.  The  benefit  of  the  high 
optical  absorption  characteristic  is  that  very  little  light  is 
dispersed  through  the  photoconductor  which  could  degrade  its 
resolution  characteristics  as  compared  to  PbO  tubes. 

Lag  in  the  Saticon  is  caused  primarily  by  the  storage  capaci- 
tance of  the  photolayer  in  series  with  the  effective  beam  resis- 
tance . 

The  lag  is  minimized  by  using  a low-beam-impedance  gun  and  by 
using  biased  lighting  to  minimize  photoconductor  storage  capaci- 
tance. Consequently,  its  lag  characteristics  are  better  than  that 


The  Saticon  is  available  in  2/3  in.  and  1 in.  versions  having 
limiting  resolution  of  550  lines  and  800  lines  respectively. 

Silloon  Intensified  Target  (SIT)  - Tha  SIT  utilizes  an  image  in- 
tensifier  coupled  to  a silicon  faceplate  vidicon,  resulting  in  a 
sensitivity  500  times  that  of  a standard  SB2S3  vidicon. 

r The  intensifier  multiplies  the  light  before  it  strikes  the 
silicon  target  area  of  the  vidicon.  The  amount  of  light  am- 
plification  through  the  intensifier  can  be  controlled  by  regu- 
lating the  voltage  between  the  phosphor  screen  and  the  photo 
Zr/t;-  ’WttRJde . Dynamic  range  of  the  tube  may  be  varied  in  this  manner 
- . and  when  coupled  to  a servo  iris  lens  with  a variable  attenuation 
spot  filter,  the  resulting  dynamic  range  may  be  as  high  as 
/ 5/000, OOOtl.  The  SIT  will  produce  a usable  picture  with  as  low  as 

)!  I’O'"2  ffe-candls a of  faceplate  illumination  and  still  maintain 
an  acceptable  snr. 

The  resolution  capability  of  the  SIT  tube  varies  from  700  to 
! 1000  TV  lines  depending  upon  bulb  sise  which  is  very  significant 

in' ’low  light  level  operation. 

The  SIT  tube  exhibits  no  photoconduct ive  lag  but  there  is 
some  capacitive  lag  resulting  from  the  finite  time  it  takas  for 
the  electron  beam  to  remove  accumulated  charge  from  the  target. 

Lag  in  this  tube  is  inversely  proportional  to  faceplate  illumina- 
tion. Its  third  field  lag  is  comparable  with  the  Saticon  at  the 
higher  light  levels  of  its  operating  range. 

Dark  current  in  the  SIT  is  usually  not  objectionable  as  long 
as  the  target  voltage  is  set  within  the  manufacturer's  recommended 
limits. 

One  drawback  with  the  SIT  is  that  its  faceplate  exposure  must 
be  controlled  for  long  life.  Thus  operation  time  and  illumination 
level  should  be  carefully  controlled. 
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The  SNR  of  the  SIT  is  proportional  to  light  level.  Hence  it 
is  desirable  to  operate  it  with  as  high  a faceplate  illumination 
as  is  practical. 

SIT  faceplate  overloads  can  cause  picture  blooming  in  Bpite 
of  the  fact  that  reduced-blooming  SIT  tubes  are  now  available.  In 
view  of  the  fact  that  the  life  of  the  SIT  is  affected  by  scene 
illumination  as  well,  extreme  care  should  be  used  in  the  appli- 
cation of  thia  device. 


Intensified  Silicon  Intensified  Target  (ISIT)  - The  ISIT  tube  is 
essentially  the  same  as  a SIT,  the  only  difference  being  the  use 
of  a double  intensifier.  This  means  that  two  intensifiers  are 
■tacked  in  aeries  to  yield  a gain  of  about  2000  over  a standard 
vidicon.  Typical  sensitivity  of  an  ISIT  tube  is  about  1 x 10-6 
ft-gandlee  faceplate  illumination.  However,  there  are  some  in- 
herent disadvantages  in  using  the  ISIT  system.  Voltages  of  20  kV 
must  be  used  giving  a lower  reliability  factor  when  compared  to 
the  single  intensifier  type  (SIT).  Also,  noise  level  in  the  ISIT 
can  become  objectionable  resulting  in  a highly  grained  picture 
presentation,  and  than  a loaa  of  resolution  at  the  bandwidth  of 
the  random  noise  present. 


laooon  - Since  its  introduction  by  RCA  in  1947,  the  image  isocon 
has  drifted  along  more  or  less  as  a technological  museum  piece 
until  a few  years  ago.  In  recent  years  RCA  has  built  a practical 
version  of  this  tube  which  has  made  it  one  of  the  most  sensitive 
pickup  tubes  available  lor  a TV  camera. 

Advantages  of  the  isocon  are: 

1)  Sensitivity  - it  provides  pictures  having  a reasonable 
signal-to-noise  ratio  down  to  2 x 10“2  ft-candles 
faceplate  illumination 

2)  Resolution  - 1000  TV  lines  limiting 


3)  SNR  - reasonable,  although  not  the  best 

4)  Lag  - comparable  with  the  PbO  tube 

5)  Signal  Uniformity  - excellent  compared  to  other  image 
pickup  tubes 

flalf-Scanned  Solid  State  Image  Seniors  - During  the  past  15  years, 
even  though  beam-scanned  image  tubes  have  been  investigated  and 
improved  continuously,  a parallel  effort  has  been  aimed  at  develop- 
ing self-scanned  solid-state  image  sensors  as  substitutes.  Reduc- 
tions in  sine,  cost,  and  complexity  were  the  immediate  objectives, 
but  the  possibilities  for  improved  performance  and  for  new  appli- 
cations of  TV  have  caused  much  interest.  Recent  advances  in 
charge-coupled  and  charge-injection  devices  have  proven  that 
solid-state  sensors  will  soon  play  a significant  role  in  this 
field.  ’ However,  the  most  advanced  solid-state  sensors  developed 
to  date  do  not  match  the  best  camera  tubes  in  sensitivity  or  reso- 
lution. - Further  improvements  in  sencors  will  require  a sustained 
effort  in  both  sensor  design  and  silicon  technology. 

Solid  etete  cameras  suitable  for  etendard  televieion  are  now 
available.  RCA  Solid  State  Divieion  haa  a camara  which  uaee  their 
512  by  320  elament  charge-coupled-device  (CCD)  eenaor.  It  pro- 
videe  picture  quality  comparable  to  that  of  the  2/3  in.  vidicon 
with  the  advantagea  of  email  else,  precise  image  geometry,  freedom 
from  lag  and  microphonice,  and  resistance  to  image  burn.  The  next 
largest  commercial  senior,  produced  by  General  Electric  Co.,  is  a 
244  by  188  element  charge-injection-device  (C1D)  sensor  with  two 
cloeeooupled  M08  capacitore  at  each  elemant,  Thia  type  of  sensor 
has  X-Y  address  strips  and  peripheral  digital  shift  registers  for 
scanning . 

Small  100  by  100  element  sensors  with  photoelements  interleav- 
ed between  non- illuminated  CCD  registers  ere  being  marketed  for 
aurveillance  purposes.  Still  smaller  XY  photodiode  arrays  with  50 
by  50  elements  and  many  types  of  single-line  aeneora  are  being 


sold  for  such  applications  as  process  control  and  character 
recognition  devices.  There  can  be  no  doubt  that  solid-state 
scanning,  either  by  means  of  X-Y  address  strips  or  by  internal 

ohargs  transfer,  can  provida  a useful  tool  for  image  sensing. 
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5, 1,1. 7 Applications 

.CMS 1 s can  be  used  to  provide  realistic  detail  and  a motion- 
parapeotive  three-dimenaional  affect  if  used  as  image  generators 
for  the  simulation  of  seniors  which  have  pictorial  displays  - 
!*•«,  >T-V  and  infrared  sensors.  Currsnt  probe  designs  provide 
itdtguata.  ra-aolutlon  for  simulating  ths  widast  fov's  - a.g.,  the 
20®  iMf  15*  FOV  of  LLLTV  sensor  or  ths  16®  by  12*  FOV  of  FLIR. 

•■■■:  vy.The,  vary  narrow  FOV'e  of  IRST  (0.1®  by  0.1°)  or  high- 

• **.JK&U&iqjV  TV  (aa  narrow  as  0.66®  by  0.5®)  would  require  the 
diflgn  of  largs  aperture  objectives,  which  could  be  mated  with  the 
rear  optical  sections  of  axisting  probse,  to  make  the  diffraction 
limit  ot  the  probe  compatible  with  finer  angular  resolution  associ 

•Atd#  with  the  narrow  fields  of  visw.  Ths  usa  of  a largsr  aperture 
MOuldLprt elude  uss  at  tyeheighta  of  undsr  2.5  mm,  which  are  posei- 
ble  vitfh  present  probes,  for  two  reasons  - machanical  interference 
of  the  probe  with  the  model,  and  the  increased  depth  of  focus 
problems  whioh  accompany  larger  sperturss.  However,  it  can  reason 
ably  be  assumed  that  the  narrower  FOV's  would  only  be  used  for 
higher  altitude  flight,  The  current  probes  provide  an  8 ft  scale 

• yeheight  at  IOOOjI  scale,  which  is  required  for  helicopter  Simula 
tion.  In  simulating  close-support  fighter  craft,  if  s 200  ft 
minimum  eyshsight  is  assumed,  than  there  is  no  problem  using  a 
probe  designed  with,  for  example,  a 1 cm  pupil  instead  of  a 0.8  mm 
pupil . 


The  pitch  capability  of  existing  single-reflection  probe 
designs  (+25®,  -40°)  covers  the  pitch  requirements  of  FLIR  and 
high-roeolution  TV,  and  comes  within  5®  of  covering  the  require- 
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merits  of  all  the  sensors  in  Table  5. 1.1. 7-1  except  IRST  and  day 
TV«  The  m probes  could  be  used  for  these  sensors  if  useful  simu- 
lation missions  could  be  carried  out  without  the  full  field  of 
these  sensors.  It  would  not  be  a major  design  modification  to 
increase  the  single-mirror  pitch  capability  to  (+30®,  -45®). 

The  probes  made  in  the  past  with  double-prism  mechanisms  are 
not  capable  of  the  resolution  of  the  current  single  mirror  de- 
signs, but  that  is  a happenstance  not  dictated  by  the  choice  of 
pitch  mechanisms.  A probe  could  be  designed  with  a large  entrance 
pupil  and  a double  reflection  pitch  mechanism  so  that  it  could 
handle  the  pitch  and  angular  resolution  requirement*  of  all  sen- 
sors in  Table  5.1. 1.7-1.  The  minimum  eyeheight  would  be  much 
higher,  since  such  a design  would  be  bulky  at  the  front  end,  but 
would  be  adequately  low  for  any  non-helicoptsr  weapons  dslivtry 
mission.  Diffsrsnt  FOV's  could  b#  implemented  with  variable 
magnification  optics  at  ths  rear  end  of  the  probe. 

A CMS  would  be  much  more  appropriate  for  simulating  slowsr 
aircraft,  such  as  ths  A-10,  than  high  speed  aircraft  such  as  the 
F-16.  In  the  latter  csss,  the  aircraft  would  fly  through  ths 
gaming  arts  represented  by  a model  of  typical  size  and  scale  in 
less  than  a minute  of  elapsed  time.  A higher  sasle  factor  could 
be  used  if  an  extreme  combination  of  low  altitude  and  narrow  FOV 
(which  would  aggravate  the  depth-of-focus  problem)  were  not  used. 
However,  although  such  a modsl  might  be  appropriate  for  soma  mis- 
sions, it  may  not  provide  adequate  depth  of  focus  or  modsl  detail 
for  other  missions,  A separata  CMS  eystsm  for  a limited  class  of 
missions  may  not  be  practical  from  ths  standpoint  of  available 
specs  or  capital  coat.  Alternatively,  a CMS  might  be  ueed  to  sim- 
ulate sensors  of  a fast-flying  aircraft  only  in  the  vicinity  of  a 
target  stsa.  Foma  other  image  source  (e.g.,  computer  generated) 
might  cover  a large  gaming  area,  with  a transition  to  the  higher 
detail  of  the  CMS  taking  place  as  the  target  area  was  entered. 

The  problem  i»  to  make  this  transition  inconspicuous,  and  this 
approach  should  not  be  considered  unless  a discontinuity  at  this 
transition  could  be  tolerated. 
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Table  5.  1.1. 7-1  IMAGE  PICKUP  DEVICE  MANUFACTURERS 


AMPSRIX  ELECTRON  1 CS  CORP 

P.0,  Bo*  278 

1 1 atar av 1 II*.  R 1 02176 

401/762-3600 

P 1 umb 1 con 

IMR  PHOTOILICTRIC 
•ox  44 

Prlncaton,  NJ  08340 

601/799-1000 

1 mag*  D 1 aaac tor 

DU MONT/TH OH S0N-C1F 

710  II oomf laid  Av*. 

01 1 f ton , NJ  07013 

201/773-2000 

Ant  Imony  Tr 1 au 1 f Id* 
Sill  con  D 1 od*  Arr ay 

V 1 d I con 

V 1 d 1 con 

FAIRCHILD  CAHIRA  4 INSTRUMENT  CORP. 
Charg*  Couplad  Davleaa 

4001  Ml randa  Av*. 

Palo  Alto,  CA  94304 

41  S/493-1001 

CCD 

9IN00M  0 1 V/IM 1 TRON 1 Cl  INC. 

• 0 Ixpran  It, 

Plalnvlaw,  NY  11767 

916/433-3900 

Imag*  1 ntana 1 f 1 ar 

9INIRAL  KLICTR 1 0 COMPANY 

Tub*  Product*  Oapt. 

Imaging  and  Dlaplay  Product* 
llaotronlo*  Park 
lyraeuia,  NY  13201 

313/496-3231 

FPS  Typ*  V 1 d 1 oon*  - 
Tr 1 au 1 f 1 da 

Sill oon  D 1 od*  Ar ray 
Charg*  Injactlon  Dav 

Ant  Imony 

V 1 d Icon 
lo* 

GINIRAi,  (LCCTRODYNAM  ICS  CORP. 

4430  For  aat  Lana 

Oar  land,  TX  73042 

214/276-1161 

Ant  1 mony  Tr  1 *u 1 f 1 da 
Sill  con  0 1 od*  Array 

V 1 d 1 con 

Vldlcon 

HAMAMATIU  CORP, 

120  Wood  Av*, 

Mlddlaaax,  NJ  OS646 

201/469-6640 

SIT  V 1 d 1 oom 

X-Ray  V 1 d 1 con 

UV  - Vldlcon 

Sill  con  D 1 od*  Array 

1 R - Vldlcon 

Vldlcon 

HU0HI5  AIRCRAFT  CO/IPD 

6833  II  Cam  1 no  Rail 

Car  1 abid , CA  92006 

714/436-9191 

CCD 

Table  5. 1.1. 7-1  IMAGE  PICKUP  DEVICE  MANUFACTURERS  (Cont'd) 


ITT  ILICTPO-OPTICI 
701  Plantation  Pd. 
Poanoke,  VA  24019 
704/8*3-037  I 


Imago  intenalfler 


INTIOPATIO  PHOTOMATPIX  INC. 
HOI  lr. total  Pi. 

Mountain! Ida,  NJ  07092 
101/123-7200 


Self-loan  Photodiode  Array 


MULLAPO  LTD, 

Mu  I l ar  d Heuaa 
Tof.r Ington  PI aae 
itndan  noil  thd 
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Table  5. 1.1. 7-1  IMAGE  PICKUP  DEVICE  MANUFACTURERS  (Cont'd) 
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5.1.2  Film  Systc  ms 


Film-baiad  ayatema  have  been  uaed  for  simulation  visual  sys- 
tems when  the  training  task  involves  maneuvers  for  which  there  is 
a prescribed  flight  path.  Visual  simulation  has  been  provided  by 
film  for  some  weapons  delivery  training,  but  the  most  satisfactory 
application  of  film-based  systems  has  been  in  the  use  of  simula- 
'tews  for  take  off  and  landing  practice. 


t'r:-  There  are  many  advantages  of  using  film  as  a medium.  In  gen- 

^^^,etil  films  have  good  resolution  characteristics,  are  relatively 
Inexpensive,  are  easily  copied  and  stored,  and  allow  a wide  range 
f-p\'  • "df  interphangeable  scenarios  to  be  used.  The  major  disadvantage 
i»  that  the  task  of  acquiring  the  film  scenarios  is  by  no  means 
,•  '■  «PPJfoaches  have  been  usedi  that  of  real-world 

-Which  Imposes  problems  of  weather  delays,  camera  vehicle 
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filmiWf  which  imposes  problems  of  weather  delays,  camera  vehicle 
f *nd  flight  profile  control  and  operational  limitations; 
Iftd  rtqdels  which  tend  to  limit  the  inherent  scenario  flexibility 
and  realism. 


Film  has  found  s relatively  wide  eppliostion  in  pert  task 
trainers,  but  the  only  major  use  in  s full  flight  simulation  role 
was  in  the  Singer-Link  Variable  Anamorphio  Motion  Picture  (VAMP) 
systems  whioh  wars  used  by  commercial  airlines  in  between  1970  and 
1978  { see  Figure  5. 1.2-1) , 


In  the  VAMP  system,  for  example,  a motion  picture  camera  it 
flown  by  helicopter  down  the  nominal  glide  elope  of  an  approach  and 
landing  eequenoe  to  film  the  ecenario.  The  field  of  view  in  each 
frame  is  largsr  than  thst  which  is  to  be  displayed  in  the  emula- 
tor, in  both  hori*ont*l  and  vertical  direction*.  Difference*  of 
the  aimulated  flight  attitude  from  the  nominal  attitude  are  accom- 
modated by  the  optical  equivalent  of  ahifting  the  film  ao  ae  to 
change  the  portion  of  the  frame  which  ia  projected  into  the  limi- 
ted display  field  of  view.  Deviation  of  the  (simulated  flight  path 
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to  the  right  or  left  of  the  filmed  flight  path  is  simulated  by 
optical  transformations  which  "shear"  the  picture,  making  the 

rectangular  areas  on  the  film  appear  as  parallelograms.  This 
turn*  out  to  be  a close  approximation  of  the  altered  perspective 
of  a horizontal  plane  surface  {such  as  a runway)  when  viewed  from 
the  displaced  eyepoint.  vertical  relief  does  not  fare  so  well  — 
''T.  * telephone  poles  and  the  edges  of  buildings  appear  to  lean  as  this 

. "shearing"  distortion  is  applied.  The  slope  of  the  lsan  is  the 

. * ratio  of  the  lateral  deviation  to  the  height  of  the  simulated 

eyepoint.  Thus,  while  the  lean  angles  would  probably  not  bs 

noticeable  for  high-altitude  flight,  this  is  certainly  not  true  in 
jjprpv;  ’ the  case  of  a landing  approach.  The  eye  tern  is  made  to  work  well 
. for  take-off  and  landing  aimulation  by  carefully  selecting  the 

runways  to  be  filmed  so  that  vertical  objects  can  be  excluded  from 
the  field  of  view,  vertical  displacement  from  the  nominal  flight 
pita-  U'  t-lmulated  by  "stretching"  tha  picture  in  the  vertical 
direction  (to  simulate  a higher  altitude)  or  "comprsesing"  it  (for 
low  altitude),  again  by  optioal  techniques.  This  is  also  realis- 
tic for  a horisontal  plane,  but  cauaea  some  anomalous  effects  on 
>.v . vertical  objecte.  For  example,  if  the  filming  path  passed  over  a 

, V . 


Figure  5. 1.2-1  VAMP  SYSTEM  BLOCK  DIAGRAM 
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mountain,  a aimulator  pilot  could  not  fly  into  the  mountain  no 
matter  how  low  ho  flew,  because  the  height  of  the  mountain  would 
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shrinK  in  proportion  to  the  pilot's  height  above  tha  horizontal 
plana  aaaumad  to  raprasant  tha  terrain. 


Tha  optioal  corrections  are  accomplished  through  tha  use  of  a 
loom  lent  and  two  anamorphio  lenses  (sea  Figures  5, 1.2-1  and 

An  anamorphio  lens  magnifies  a picture  differently  in 
eaoh  of  two  different  directions.  By  rotating  the  two  anamorphs 
about  the  system  axis  relative  to  each  other,  the  net  anamorphio 
ittcength  oan  be  varied,  and  by  rotating  the  pair  as  a group,  the 
Otlihtetlon  of  the  anamorphio  "stretch"  is  varied. 
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r . v The  limits  of  the  deviation  of  the  simulated  flight  path  from 
.tUWUtllmed  flight  path  are  determined  by  the  exoeea  field  of  view 
Alt  the  film,  the  strength  of  the  enamorpha,  the  soom  lane  ratio, 
Altd  the  emount  of  resolution  degradation  that  can  bo  tolerated. 


Figure  8.  1.2-3  shows  the  maneuvering  envelope  for  VAMP  systems 
with  2.0  and  2.8  power  anamorphs.  Note  that  the  allowed  devi- 
ations are  proportional  to  the  filmed  height  above  ground,  and  are 

given  in  unit*  of  thi*  height. 

The  advantages  of  th*  u«a  of  film  are  the  high  detail  density 
• nd  textural  information  which  it  provide*.  Texture  cue*  appear 
to  be  required  for  many  piloting  tasks  and  are  processed  by  the 
trainee  in  way*  that  are  not  well  understood.  Hence,  the  surest 
way  to  guarantee  adequacy  of  the  visual  simulation  is  to  provide 
this  sort  of  detail. 

The  VAMP  system,  however,  suffers  from  the  same  problem  that 
limits  all  systems  based  on  film  or  tap* i deviations  from  the 
nominal  flight  path  can  only  be  wall  simulated  when  all  vertical 
objects  are  excluded  from  th*  scene.  This  is  a necessary  conse- 
quence of  the  attempt  to  represent  a three-dimensional  world  on  a 
two-dimensional  medium.  The  exclusion  of  vertical  objects  may  be 
more  difficult  and  less  natural  in  a weapons  delivery  mission  than 
in  a landing  practica  mission.  In  fact,  tha  restriction  to  a nar- 
row corridor  about  a filming  path  may  be  inappropriate  for  sensor 
simulation. 

Link  has  developed  another  film-based  system  which  is  related 
to  VAMP  — 8CAMP  or  Scanned  Motion  Picture.  This  system  is  in 
effect  an  electronic  analog  of  th*  VAMP.  The  information  on  the 
film  is  converted  to  a TV  image  by  a flying-apot  scannor  (FSS), 
and  is  then  displayed  on  a CRT  display  (sea  Figure  5. 1.2-4).  In 
the  FSS,  a spot  of  light  imaged  on  the  film  is  mad*  to  move  in  a 
raster  pattern  over  th*  film  frame  being  used  at  the  moment.  When 
no  distortions  are  required  to  simulate  deviations  of  the  simula- 
ted eyepoint  frora  th*  filming  path,  this  raster  is  geometrically 
similar  to  (and  synchronized  with)  the  raster  on  the  display  CRT. 
The  source  of  the  spot  which  scans  the  film  is  also  a CRT.  The 
light  from  the  image  generation  CRT  is  imaged  onto  the  film  frame 
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and,  after  passing  through  the  film  (which  modulates  the  intensity 
of  the  light)  is  collected  by  a photo-multiplier  tube  (PMT).  If 

the  output  of  the  PMT  is  used  as  the  video  signal  and  sent  to  the 
** display  monitor,  the  picture  on  the  display  CRT  duplicates  the 
fr pioture  on  the  film.  Color  video  ie  provided  by  dividing  the 
:v  light  trenemitted  by  the  film  between  three  PMT's,  each  of  which 

. . • . . .ie  restricted  by  a color  filter  to  respond  only  to  red,  green,  or 
||  -S't;;-'  blue  light. 


distortion*  which  VAMP  performs  optically  are  performed 
electronically  by  SCAMP.  If  the  two  rasters  (on  the  image  genera- 
r%v ' -h  tion  and  image  display  CRT's)  do  not  match,  the  result  will  be 

'.-r  • : !...  the  image  on  the  display  CRT  will  be  a distortion  of  the 

linage;  on  the  film.  The  required  disparity  of  the  two  rasters  to 
; produce  the  distortion*  which  will  simulate  eye  point  deviations 

^£ro*n:;the‘ filming  path  are  accomplished  by  electronically  shaping 
- ' tlxi'  waveforms  which  drive  the  deflection  coils  of  the  image  gener- 

' at  ion  CRT. 


One  advantage  of  thie  eyatem  ia  that  the  film  transport  mech- 
anism is  much  simpler  then  that  in  the  VAMP  since  intermittent 
"pull  down"  is  not  used.  The  film  is  moved  continuously  through 
the  scanning  aperture,  with  the  FSS  raster  being  displaced  to 
track  the  film.  Indexing  to  a new  film  frame  is  achieved  during 
the  TV  vertical  retrace  period.  Correlation  between  the  scanning 
raster  and  film  frame  is  achieved  using  fiducial*  on  the  edge  of 
each  frame.  Although  the  perspective  transformations  can  be  exact 
for  the  horisontal  plane  (instead  of  approximate,  as  in  VAMP),  the 
ssms  anomalies  occur  if  there  are  large  vertical  objects  in  the 
scene . 


Link  has  alio  patented  (#3,832,  04  6 ) a panoramic  film  projec- 
tor which  performs  VAMP-like  transformations  on  a 360°  (horizon- 
tal) by  60°  (vertical)  panoramic  picture  as  it  is  projected.  In 
addition  to  overcoming  the  f ield-of-view  restrictions  of  the  VAMP, 
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this  system  provides  for  350°  variation  of  heading.  However,  in 
translation  of  the  simulated  eyepoint  from  the  nominal  eyepoint, 

ths  perspective  transformations  have  the  same  undesirable  effects 
on  vertical  objects  as  they  do  in  the  VAMP  system,  with  an  addi- 
tional problemi  the  360°  field  of  view  makes  it  far  more  diffi- 
cult to  exclude  vertical  objects  from  the  film.  This  system  is 
fairly  complex  mechanically  and  optically  and  has  never  been 
developed,  since  customer  interest  has  not  been  sufficient  to 
support  the  large  development  costs. 

Systems  with  the  capabilities  of  VAMP  or  SCAMP  could  be  based 
On  video  tape  rather  than  film.  Although  such  systems  are  not 
available  as  integrated,  off-the-shelf  packages,  the  component 
technologies  upon  which  such  a system  would  be  based  been 

within  the  state  of  the  art  for  some  time.  In  such  a system  there 
Would  be  a recorded  video  frame  on  the  tape  corresponding  to  each 
frame  in  the  movie  film  of  VAMP  or  SCAMP.  The  distortions 
required  to  simulate  deviations  of  the  eyepoint  from  the  points 
from  which  the  scene  was  recorded  would  be  accomplished  by  scan 
conversion.  In  an  analog  scan  converter,  tho  video  is  displayed 
on  a CRT  which  is  coupled  to  a TV  image  tube,  which  converts  the 
picture  back  to  video  form.  If  the  CRT  and  camera  tube  rasters  do 
not  traok  each  other,  the  desired  distortion  can  be  introduced. 

DSC  aocomplishes  the  same  thing  by  reading  the  video  level  of  each 
pixel  of  the  video  frame  into  a separate  memory  location  in  a 
high-speed  buffer,  and  can  introduce  a desired  distortion  by  read- 
ing the  video  out  in  a different  order  and/or  time  schedule  than 
that  by  which  it  was  read  in. 

A particular  weakness  of  such  a system  compared  to  SCAMP 
would  be  apparent  when  simulating  a very  narrow  FOV  that  can  be 
moved  about  inside  a larger  field.  With  high  resolution  film, 
SCAMP  could  scan  a small  portion  of  the  cine  frame,  and  the 
resolution  would  essentially  be  TV  limited  by  the  display  raster 
(up  to  a point,  of  course,  for  very  small  FOV's,  the  film  and  the 
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scanning  spot  size  would  have  an  influence).  However,  when  a sub- 
set of  a video  tape  frame  is  displayed,  information  and  resolution 
is  immediately  thrown  away  as  soon  as  the  displayed  FOV  is  smaller 
than  the  recorded  FOV. 

All  of  the  film  or  tape  systems  discussed  in  this  section 
record  a series  of  images  from  eyepointa  along  a predetermined 
path.  However,  some  missions  are  difficult  to  simulate  in  this 
way  even  though  the  nominal  flight  path  is  predetermined.  Link's 
experience  with  VAMP  in  simulating  cross-country  missions  is  an 
example.  In  these  missions  there  were  a number  of  course  changes, 
and  the  pilot  or  navigator  was  provided  directions  for  following 
the  prescribed  course.  However,  the  maneuvering  corridor  was 
narrow,  and  if  the  course  change  was  not  done  at  precisely  the 
right  point,  the  picture  was  lost  (i.e.,  the  screen  went  black). 
O'f' bourse#  the  lack  of  a visual  display  made  it  difficult  to  get 
back  on  course.  The  constraints  on  ths  mantuvtring  tnvtlope 
ltading  to  this  problsm  wsrt  not  chisfly  dut  to  hardwart  limita- 
tions (although  incresssd  horizontal  FOV  would  have  been  aome 
help)  but  were  more  fundamental,  having  to  do  with  the  geometry  of 
the  perspective  transformation.  Tha  practical  limit  of  the  width 
of  the  maneuvering  corridor  for  a film  or  tape  motion  picture 
viaual  is  of  ths  ordsr  of  the  altitude  of  the  nominal  flight  path 
(or  much  laas,  if  vertical  object*  are  present  and  one  is  required 
to  limit  the  "lean"  angles  produced  by  the  deliberate  distortion). 
Thus,  for  use  in  simulating  a weapons  delivery  mission,  the  mis- 
sion path  should  either  be  very  simple  (e.g.,  straight  approach  to 
s target),  at  high  altitude  (giving  a wide  maneuvering  corridor), 
or  at  low  speed  (e.g.,  helicopter  NOE).  At  low  speeds,  ths  pilot 
has  more  time  to  correct  his  path  before  he  gets  out  of  the 
corr  idor . 


There  are  other  uses  of  film  in  addition  to  the  motion  pic- 

Iture  approach.  A collection  of  slides  can  be  provided  for  use  as 
high  detail  target  insets.  The  slides  could  bo  accessed  more 
easily  if  they  were  transcribed  onto  a video  disk. 
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For  the  past  ten  years  a number  of  laboratories  have  been 
developing  video  recording  systems  separate  from  videotape  sys- 
tems. These  are  known  as  vidaodisk  systems.  They  use  electro- 
mechanical, capacitive,  magnetic  and  optical  (using  a laser  beam) 
recording  and  playback  techniques. 

Once  quick  retrieval  of  snapshots  is  provided  by  videodisk, 
it  becomes  possible  to  construct  a system  which  overcomes  the 
restriction  of  ths  motion  picture  systsms  to  sye points  along  a 
linear  path.  Pictures  could  be  etored  for  eyepoints  distributed 
at  intervale,  all  throughout  tha  voluma  of  a maneuvering  space . A 
System  would  consist  of  a large  number  of  stills,  aach  of  which 
would  be  divided  into  a serias  of  tub-pictures  and  stored  on  video 
disk  or  taps.  Each  store  picture  would  correspond  to  the  resolv- 
eble  picture  elements  of  the  frame  to  fit  tha  bandwidth  capability 
of. the  storage  medium.  The  picture  would  be  re-compared  on  a 
•can-converter  tube,  uaing  the  random-accesa  capability  of  a disk 
tO,..QhoQte  only  the  portion  of  the  picture  being  viewed.  The  small 
ROY  capability  could  now  be  configured  to  be  a film  limitation 
•.•the r than  a limitation  of  storaga  media  on  TV  if  tha  original 
Photograph  were  dividtd  into  sufficient  segment*.  A 70  mm  by  70 
mm  picture  contains  over  4,000  picture  elements  in  each  direction, 
and  if  a standard  525-line  diak  or  tape  war*  uaed,  the  single 
picture  would  require  over  €0  television  frame*  of  storage. 

In  uae,  the  picture  retrieved  would  be  "flown"  through  for  a 
while,  end  not  changed  as  is  a movie  picture.  Each  frame  could  be 
flown  for  a short  while,  until  the  next  picture  location  is 
reached.  Such  a system  would  have  the  advantage  of  allowing  much 
greater  freedom  of  flight,  since  the  disk  would  allow  rapid  random 
access  between  pictures  which  would  alleviate  one  of  the  most 
serious  faults  of  the  VAMP  or  SCAMP  approach. 

Even  so,  even  & multiple  disk  system  would  have  only  a 
limited  data  base,  and  while  new  data  bases  could  be  made,  the 
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generation  of  a new  film  base  is  not  a trivial  task.  A single 
disk  would  hold  900  pictures  (based  upon  60  television  frames  per 

picture). 

This  system  would  still  suffer  from  the  same  distortion 
problems  that  limit  low-altitude  flight  simulation,  while  adding 
the  additional  difficulty  of  creating  a smooth  flight  profile  when 
going  from  one  picture  to  another.  This  would,  of  course,  require 
the  development  of  a large  data  storage  and  retrieval  system. 
Although  tha  required  hardware  components  are  within  the  state  of 
the  art,  a large  development  effort  is  required  to  make  this 
approach  available.  Such  a system  would  bypass  the  limitations  of 
a linear  maneuvering  corridor. 

To  summarise,  motion  picture  film-based  systems  may  be  suit- 
able for  simulating  sons  of  the  TV  and  IR  sensors  in  selected 
missions.  An  FSS,  as  in  SCAMP,  is  a convenient  way  of  generating 
video  for  the  displays.  The  preprogrammed  nature  of  such  simu- 
lation will  cause  the  fewest  problems  in  the  case  of  high-altitude 
filiations,  and  resolution  will  be  the  least  problematical  for  the 
wider  instantaneous  fields  of  view,  some  of  the  limitations  of 
motion  picture  systems  could  be  removed  by  a eyatem  based  on  video- 
diek,  but  auoh  eystemi  belong  to  the  futurs,  not  tha  current  state 
of  the  art. 

5.1,3  Vidto  Tspe/Dlsk  Systems 

Ths  first  practical  vidsotape  rtcordtr  (VTR)  was  introduced 
in  1936  by  the  Ampex  Corporation.  It  ustd  2-in.  wids  magnstic 
tape  that  ran  at  a speed  of  15-in.  per  sec  past  a magnetic  head 
which  rotated  at  a high  rate  of  speed.  The  scanning  of  ths  tape 
waa  dona  in  a transverse  manner  compared  to  the  present  day  tech- 
nique of  helical  scan.  It  was  capable  of  a horizontal  resolution 
of  320  lines,  had  a video  bandwidth  of  4 MHz,  and  an  SNR  of  30  dB 
or  mora . 
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Current  VTR's  have  one  drawback  in  that  their  performance 
improvement  has,  over  the  years,  been  concentrated  primarily  at 
meeting  the  needs  of  TV  broadcasters , where  the  horizontal  reso- 
lution requirements  are  approximately  300  lines,  scan  line  rates 
are  625  lines  per  frame  maximum,  and  video  bandwidth  requirements 
are  approximately  4.0  MHz.  In  simulation  work,  horizontal  resolu- 
tion is  typically  1000  lines,  scan  line  rate  is  1023  lines  per 
frame,  and  video  bandwidth,  30  MHz.  However,  the  International 
Video  Corporation  (IVC)  recently  developed  a now  wideband  mono- 
ahrome  VTR  which  closely  meets  the  needs  of  simulation.  The  IVC 
Model  1010  VTR  is  capable  of  recording  a full  10  MHz  video  band- 
width with  an  SNR  of  43  dB  at  scan  line  rates  up  to  and  including 
1225  lines  per  frame.  It  utilizes  1-in.  helical  scan  videotape 
and  provides  one  hour  of  video  record  time.  Figures  5. 1.3-1  and 
5. 1.3-2  illustrate  the  record  and  playback  modes  of  a VTR  which 
might  be  used  in  a sensor  display  system.  Recording  may  be  done 
from  either  an  analog  image  generator  or  a digital  image  gener- 
ator. 


This  VTR  has  features  of  stop  motion  viewing  and  continuous 
variable  alow  motion,  and  can  be  remotely  controlled  in  all  of  its 
operating  modes.  This  makes  it  ideal  for  a sensor  simulation  task 
where  image  display  can  be  accomplished  under  computer  control. 


Figure  5. 1.3-1  RECORD  MODE 
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Figure  3. 1,3-2  PLAYBACK  MODE 

V r : * ■'  ’•  ' 

‘If  should  be  noted  that  color  VTR 1 a art  atill  1 imited  to  a 
529/625  lint  scan  rat a,  a 4,2  MHi  bandwidth,  and  a 43  dB  SNR. 
Higher  color  resolution  performance  might  ba  aohiavad  by  uaing 

the  xvc  Modal  1010  VTR' a vary  precisely  traclcad  togathar 
. < but  theeott  affactivanaaa  of  this  approach  ia  doubtful. 

. . t' ! ' Tr  ; ■ ' . 

A popular  typa  of  VTR  in  widaapraad  uaa  today  uaaa  3/4-in. 
’•i'r.'  VJitiOftpi  in  a cassette  format  (known  aa  tha  3/4-in.  u-Matic 

cassette) . Thia  eliminates  tha  problema  of  tapa  handling  by  tha 
Sftrator  but  ita  performance  to  data  is  limited  to  tha  commercial 
broadcast  standards  of  523  or  623  lines  par  frame,  320  lines  of 
horliontal  resolution  (monochrome),  240  lines  of  horisontal  reso- 
lution (color),  and  an  SNR  of  45  dB  (monochrome). 


While  tha  last  several  years  have  seen  tha  introduction  of  a 
great  deal  of  digital  TV  signal  processing  equipment,  videotape 
recorders  have  remained  analog,  In  a digital  video  recorder,  the 
analog  input  signal  is  source  coded  to  digital  form  by  an  analog- 
to-digital  (A/D)  converter,  and  then  channel  coded  and  recorded. 
During  playback,  the  digital  signal  is  channel  decoded  back  into 
digital  source  code,  and  then  further  decoded  to  analog  form  with 
a digital-to-analog  (D/A)  converter.  For  a digital  recorder,  the 
SNR  of  the  playback  video  ie  essentially  limited  by  the  quantiza- 
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tion  noise  of  the  A/D  and  D/A  conversions  rather  than  by  the  noise 
generated  by  the  recording  media  and  electronics,  as  is  the  case 
with  conventional  analog  video  recorders.  Furthermore,  deletur- 
iou»  effects  such  as  moire,  ra Bidual  time-base  errors,  and  chroma 
banding  are  non-existent,  In  recent  yearn,  VTR  industry  leaders 
such  as  Ampex,  Sony,  and  Bosoh-Fernseh  have  demonstrated  prototype 
digital  VTR'a.  While  it  is  apparent  that  the  digital  VTR  is  the 
way  of  the  future,  tn-n*e  are  still  many  problems  to  be  solved 
before  a practical  rommarcially-available  device  is  produced. 

These  inolude  the  choice  of  video  sampling  rate,  component  versus 
composite  encoding,  error  masking  magnetic  recording  code,  choice 
of  acan  format  (i.e,,  longitudinal,  transverse,  or  helical),  and 
writing  speed  versus  the  number  of  parallel  channels. 

Videodiak  systems  art  juit  beginning  to  become  available  on 
tha  marks  t place  but  their  performance  capabilities  ere  limited  to 
that  of  commercial  television,  They  may  be  computer-controlled, 
provide  automatic  random  access  to  stored  dete,  provide  slow- 
motion,  freeze-frame,  or  frame-by-frame  viewing,  have  a range  of 
forward-or-reverse  speeds,  may  be  programmed  with  interactive 
information,  and  may  have  recording  capability  of  60  minute*  of 
color  video  par  diak.  These  disk  recording  systems  may  be  applied 
to  a sensor  display  system  ir.  much  the  seme  manner  as  the  VTR 
described  previously.  The  main  edventage  of  disk  recording 
■yeteme  ie  their  higher  information  packing  density  over  tape. 

They  do  suffer  from  lower  quality  reproduction  than  tape  recorded 
pictures  and  the  feet  that  the  ease  of  recording  and  playback 
leaves  a lot  to  be  desired.  Master  disks  must  be  made  on 
expensive  machinery  in  centrally  located  plants. 

5.1,4  Laser  Scanner 


The  Leaar  Scanner  Image  Generator  (LSIG)  represent*  the  state 
of  the  art  in  modolboard  image  generation,  It  overcomes  the  inher 
ent  limitations  of  vid icon-based  CMS's  and  is  ideally  suited  for 
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the  sophisticated  military  training  environment.  The  LSIG  pro- 
vides high  resolution,  high  scene  detail,  full  color  images.  It 
is  o t particular  interest  for  the  low  altitude  training  require- 
rtwntl  of  rotary  wing  airoraft. 

>r  Figure  5. 1,4-1  is  an  artist's  concept  of  the  L8XQ.  The 
system  employs  a multi-colored  laser  beam  to  scan  a conventional 
high*de tail  modelboard,  As  the  laser  beam  is  scanned  across  the 
modelboard  within  the  pilot's  FOV,  the  reflected  light  from  the 
model  is  detected  by  a bank  of  photomultiplier  tubes.  The  de- 
tected signal  it  amplified  to  provide  e full-color  video  input 
tigrvel'  to  a standard  simulator  display  systsm  which  may  be  e CRT 
or  a projector. 

The  laser  beam  originate*  st  tha  laser  table,  as  shown  in  the 
•••  firgdi*/  ltrid  is  transmitted  along  the  gantry  axis  to  the  scanner 
ftSitmbly  within  the  laser  scanning  head.  The  scanner  generates  a 
raster  which  is  projected  through  the  probe  to  the  modelboard 
Wh'eife  it:  is  reflected  to  the  photomultiplier  tubes.  The  video 
’i'-ftiShAt  is  gtnssated  through  the  summation  of  ths  outputs  from  ell 
. PMT’iv-  The  resulting  image  has  ths  correct  perspective  end  line 
''of  sight  as  seen  from  ths  exit  pupil  of  ths  projsotion  probe. 

The  laser  table,  as  shown  in  ths  artist's  conception,  holda 
three  leeere,  the  beam  expanders,  end  the  combining  optics,  The 
table  provides  an  optically  flat  and  eteble  mounting  surface  and 
with  ooveri  in  place,  provides  • clean  and  thermally  controlled 
environment.  Four  epectrel  line*  of  laser  light  ere  provided  to 
produce  excellent  color  fidelity.  An  argon  laser  provides  the 
blue  end  green,  The  red  line  is  gsnsrsted  by  s krypton  laser  and 
tha  yellow  line  Is  derived  through  e tunable  dye  laser. 

The  lsesr  scanning  head  contains  the  probe,  the  high-speed 
■cenner,  optics,  and  support  squipmsnt.  The  combined  laser  beam 
is  routsd  along  the  gantry  X,  Y,  and  Z axis  to  the  scanner.  A 


126 


Figure  5. 1.4-1  ARTIST’S  CONCEPTION  OF 
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servo-controlled  mirror  system  is  used  to  correct  for  beam  posi- 
tioning errors.  Line  scan  is  provided  in  the  high  speed  scanner 
througn  a rotating  multifaced  mirror  polygon,  and  frame  scan  is 

provided  by  a galvanometer  driven  mirror.  The  resulting  raster  is 
projected  through  the  optical  probe  into  the  model  board.  The 
probe,  in  turn,  conteine  the  neceeeary  eervo  mechanieme  to  provide 
heading,  pitch,  and  roll  reaponee  ae  a function  of  aircraft  poai- 
tion. 

The  laeer  light  reflected  from  the  model  board  falls  onto  the 
bank  of  PMT'*  that  are  errenged  in  triads,  each  PMT  in  the  triad 
being  mounted  behind  a red,  green,  or  blue  optical  filter.  The 
outputs  of  the  triads  are  added  together  to  produce  a standard  RQB 
video  signal. 

Additional  PMT  triads  ere  located  on  the  gantry  and  probe  as- 
eambliee  to  compensate  for  the  shadowing  effect  they  create.  Cul- 
tural and  airfield  lighting  is  simulated  by  fiberoptic  collectors 
mounted  through  the  modelboard  and  connected  to  a separate  photo- 
detector  system.  Control  of  light!  is  thus  separate  from  the  rest 
of  the  video  scene,  allowing  increased  realism  in  the  eimuletion 
of  tsotiosl  night  and  low  visibility  scenarios.  Visibility,  hori- 
eon  end  special  effects  ere  introduced  in  the  video- processor  ea 
in  convantional  eystams, 

As  with  tha  high-raaolution  TV  CMS  the  laser  image  generator 
modelboard  is  designed  with  rigorous  adherence  to  correct  scale 
factors,  so  treineee  can  properly  judge  altitude,  altitude  rates, 
slant  rangas,  closure  rates,  etc. 

The  latest  high-fidelity  modeling  technique*  produce  exceed- 
ingly accurate  detail,  making  the  ayetem  aepecially  well-suited 
for  helicopter  training  including  NOE  operations  below  tree-top 
level . 


A high  scale  factor,  such  as  1,000!  1,  expands  the  flying  area 
of  the  system,  increasing  scene  detail  and  allowing  even  individ- 
ual tree*  to  stand  up  to  clos*  inspection. 

Ths  major  diffarsncss  between  tha  TV  CMS  and  tha  LSIG  ara 
raplacamant  of  tha  talaviaion  camera  by  tha  bank  of  light  sen- 
■,;<*  sitive  PMT's,  and  raplacamant  of  tha  modal  illumination  light  bank 

by  tha  soanning  laser  beam.  The  elimination  of  tha  lamp  bank 
* reduces  power  consumption  and  provides  a thermally  stable  environ- 

ment for  increased  maintainability. 

As  shown  in  Table  5. 1.4-1,  tha  LSIG  provides  excellent  per- 
formance. Since  the  PMT  has  no  image  lag,  there  is  no  dynamic 
loss  of  resolution.  The  high  SNR  results  in  a clean  image  with 
little  or  no  background  noise.  Color  registration  is  simple  and 
stable  since  this  is  no  longer  dependent  on  deflection  geometries 
and  yoke  characteristics.  Finally,  the  laser  beam  makes  maximum 
use  of  the  projection  aperture  by  filling  it  completely  and 
thereby  increasing  resolution. 


Table  5. 1.4-1.  18X0  PERFORMANCE  SPECIFICATIONS 


System  resolution 

(limiting) 

6.5  arc-min  per  line  pair 

SNR 

46  dB 

Gray  scale 

10  shades 

Contrast  ratio 

15  to  1 

System  geometry 

Within  0.51  for  central  circle  picture 
height,  within  11  elsewhere. 

Minimum  eye  ho  ight 

6.5  ft 

Display  FOV 

60*  diagonal  per  channel 

(48'  horizontal  by  36°  vertical) 

Display  brightness 

7 ft-lamberts 

Display  convergence 

Within  0,11  for  central  circle  of  picture 
height;  within  0.2%  elsewhere. 
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LSIG  represento  a new  technology,  Demonstration  systems 
exist  within  the  simulation  industry  which  have  served  to  prove 
. th*  basic  concepts  but  no  operational  systems  have  been  fielded  to 
date. 

'.C;  / . ! 1 

Ths  technology  does  offer  certain  advantages  over  more  con- 
”',w  Vltltfonal  camera  model  systems,  but  its  application  to  PDL's 

tfdiiaor  simulation  is  questionable.  The  advantages  are  in  areas 
• ^attOh  as  maintenance , dynamio  lag,  and  cultural  lighting.  These 
" are  more  important  for  an  operational  training  faoility 

Jrbrig  hours  of  constant  use  are  required  and  espeoially  for 
\ V.'htl ioopter  flight  training  where  close  approach,  low  speed,  high 
v-  .y . seefTte ds  ta  il , low  dynamic  lag,  and  color  are  of  primary-  import- 

IMWKrM  » .!  ■ 

- .v.r 

r:.:  ■ r-:*..  ■ .'/  . 1 *:  , * 

; 

ih  lirtfUlilting  sensors,  the  laser  systems  are  limited  by  the 
. ' same  ltws  of  physics  discussed  in  the  sections  on  cms's.  The 
optical  problems  associated  with  probe  design  are  equally  serious 
^:v»4‘.,~and:  the  limitations  in  gaming  area  and  probe  protection  are  not 

improved  through  the  uee  of  laser  scanning  technology, 

■ .+■*'■'  • ■»* 

^ Finally,  aince  CMS'a  already  exist  at  the  FDL  facility,  it  ie 

^ 1 ! questionable  whither  the  acquisition  costa  of  an  LSIG  could  be 

justified  considering  its  limited  application  in  aenaor 
simulation. 


132 


5.1.5  Digital  Image  Generation 


5 • 1 . 5 . 1 General 


Images  generated  for  various  seniors  necessarily  differ  in 
tha  kind  of  parameters  and  level  of  scene  detail  required.  The 
extent  of  these  differences  has  been  investigated  in  terras  of  the 
image  generation  requirements  for  each  type  of  sensor  system  and 
by  evaluation  of  the  various  sensor  peculiarities,  Some  of  the 
salient  characteristics  of  FLR,  FLIR,  LLLTV,  and  visual  images  are 
discussed  in  the  following  paragraphs. 

5 . 1 . 5 . 1 . 1 Comparison  of  Sensor  Characteristics 


An  airborne  radar  (e.g,,  FLR)  is  an  actiVe  device  in  which 
the  displayed  imagery  results  from  reflection  of  transmitted 
pulses  of  very  short  wavelength  originating  from  a transmitting 
antenna.  After  each  pulse  transmission,  the  antenna  switches  to  a 
receiving  mode  and  collects  the  reflected  signal  for  amplification 
and  CRT  display  along  a radial  sweep  line,  The  positions  and 
brightness  of  each  point  along  this  sweep  are  indicative  of  slant 
range  and  radar  reflectivity,  respectively,  of  objects  encountered 
by  the  radar  pulse.  Horizontal  scanning  motion  of  the  antenna 
beam  provides  a slowly  refreshed  FOV  in  front  of  the  moving  air- 
craft in  the  familiar  sector  scan  format, 


By  contrast,  IR,  FLIR,  LLLTV,  and  visual  sensors  are  passive 
in  nature  and  depend  upon  high  resolution  optical  scanning  of 
scene  images.  For  CIQ,  each  of  these  sensors  can  be  considered  a 
raster-pattern  scanning  system,  differing  only  in  spectral 
response,  resolution,  image  format  and  display  characteristics. 

This  comparison  indicates  that  a sector  scan  image  generation 
system  for  FLR  differs  in  a rather  fundamental  way  from  those 
using  the  raster-type  display.  Not  only  does  the  slowly  refreshed 


a 

b 
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display  appear  quite  different,  but  the  image  processing  and  pro- 
jection algorithms  are  also  divergent.  Display  position  for  a 
given  object  is  determinad  in  the  rsdar  display  by  slant  range 
from  the  antenna  and  asimuth  bearing  from  aircraft  heading.  In 
the  other  eensor  displays,  a true  visual  perspective  view  is  pro- 
duced (although  it  may  sometimes  be  modified  for  wide-angle  view- 
ing) . 


Another  important  difference  is  the  effective  range  and  reso- 
lution. As  shown  in  Table  5. 1.5. 1.1-1,  resolution  for  radar  is  an 
order  of  magnitude  poorer  than  FLIR  resolution,  but  range  is  much 
greater.  Thie  impliee  that  many  mora  objects  will  be  visible  in  a 
radar  acene  but  to  a lower  leval  of  detail  than  for  corresponding 
FLIR  raster-scanned  images.  Radsr  wavelsngths  are  relatively 
unaffected  by  weather,  atmospheric  effects  and  darkness,  whereas 
visible  end  XR  wavelengths  ere  attenuated  rather  sharply  by  these 
conditions. 


Table  5. 1.5. 1.1-1  USAGE  AND  PERFORMANCE  CONTRASTS 
BETWEEN  FLR  AND  RASTER-TYPE  SENSORS 


FLR 

FLIR,  LLLTV,  Vieual 

Area  of 

interest 

Uni imited 

Uni imited 

affective 

re  solution 

Approximately 

100  ft 

Approximately 

10  ft 

Effective 

maximum 

altitude 

70,000  ft+ 

40,000  ft  (typical) 

Effective 

slant  range 

200  nmi 

7 nmi  to  25  nmi 
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Resolution  in  the  radar  system  is  primarily  determined  by  the 
angular  width  of  the  transmitted  beam  (azimuth  beamwidth),  typical- 
ly about  2®  and  the  pulse  length  of  typically  O.S^sec.  For  the 
passive  sensors,  resolution  is  limited  by  the  size  of  the  smallest 
solid  angle  which  can  be  sampled  by  the  scanner  or  resolved  by  the 
unaided  human  eye.  A typical  IR  scanner  can  resolve  about  3 mrad 
of  arc  which  translates  to  about  6 ft  at  a 2,000-ft  range. 

5 . 1 . 5 . 1 . 2 Image  Intensity  and  Color 

The  intensity  of  points  in  the  CIG  is  also  dependent  largely 
on  the  type  of  sensor.  Intensity  in  an  FLR  image  is  determined  by 
the  strength  of  the  return  from  objects  at  equal  bearing  and  range 
from  the  aircraft.  This  strength  is  determined  in  turn  by  object 
reflectivity  at  radar  wavelengths,  object  aspect  angle,  antenna 
gain  pattern,  and  weather  and  atmospheric  effects,  of  course,  the 
settings  of  various  operator  controls  also  affect  the  intensity 
(e.g.,  antenna  tilt,  IF  gain,  etc.). 

Dark  areas  of  the  radar  image  are  due  either  to  low  reflec- 
tivity of  objects  present,  such  as  water,  which  reflects  the  radar 
energy  away  from  the  antenna,  or  the  absence  of  any  reflecting  ob- 
ject at  that  slant  range  position.  The  latter  condition  t-jfers  to 
occulted  areas  or  areas  shadowed  due  to  terrain  or  cultural  re- 
lief. 


Several  objects  may  appear  at  a coincident  display  position 
due  to  their  equal  slant  range  distance  from  the  antenna;  for 
example,  in  rapidly  rising  terrain. 


I 

I 
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The  beamwidth  (typically  2°)  and  pulse  length  (typically  0.5 
usee  of  tha  radar  pulse  also  contribute  errors  which  smear  or 
blend  together  objects  with  small  angular  or  slant  range 
separation,  respectively. 
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Raster-scanning  image  sensors  in  the  visible  spectrum  (in- 
cluding LLLTV)  have  a rather  more  complex  intensity  function.  The 
scene  intensity  varies  as  a function  of  slant  range,  incident 
light,  time  of  day,  sun  (or  other  illumination  source)  position 
relative  to  sensor,  object  aspect,  clouds,  weather,  object  color, 
and  reflectivity  or  albedo,  For  visual  sensors,  such  as  out-of- 
the-window  displays,  the  objects  must  also  be  described  in  t-*rms 
of  primary  color  intensity  for  complete  sensor  imege  gsneration, 

A fsw  objects  in  ths  daylight  scans  may  be  radiation  source*  of 
visible  light  (e.g.,  beacons,  runway  strobss).  At  night,  the 
number  of  light  sources  can  bs  snormous. 

IR  sensors  are  dependant  primarily  on  radiatsd  XR  wavelength 
ensrgy  rathwr  than  raflsctsd  energy  for  the  intsnaif ication  of 
image  points.  Thus,  it  is  usual  for  bright  imags  areas  to  rsp- 
rsacnt  hot  objects  (s.g.,  cultural  arsas  haated  by  ths  sun)  and 
darksr  areas  to  rspreasnt  coolsr  objscts  (ouch  as  water,  vegeta- 
tion, and  shaded  arsas).  The  temperature  of  objecta  ia  obviously 
dependent  on  recent  meteorological  history  and  time  of  day,  as 
well  as  emissivity  and  temperature  time  conatanta  (heating  and 
cooling)  of  various  surface  materials.  Color  may  also  be  used  in 
IR  imagery  but  is  only  indicative  of  various  IR  intsnaitiee. 

Any  of  the  eenaor  types  may  exhibit  other  peculiarities  due 
to  particular  tranafsr  functions,  operating  modes,  or  image  en- 
hancement features.  An  example  of  these  peculiar itie a is  blooming 
and  smearing  duo  to  image  intensification  in  LLLTV  systems. 

5, 1.5. 2 Real-Time  CIG 

There  are  an  almost  infinite  number  of  unique  visual/asnsor 
effects  which  are  worthy  of  do  tailed  study.  To  a great  extent 
many  of  these  are  independent  of  the  method  of  image  generation 
and  are  beet  left  to  a psychophysical  rtudy  of  visual  simulation 
syatems  (cee  Kraft  et  al , 1980). 
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This  study  concentrated  on  the  currently  available  CIG  sys- 
tems and  on  the  CIG  systems  that  are  under  consideration  by  the 
military  and  manufacturers,  The  image  processors  (both  visual  and 
IR  sensor)  will  be  discussed  to  Illustrate  what  processing  ap- 
proach was  taken  by  manufacturers,  the  reasons  for  those  deci- 
sions, and  why  they  are  quite  similar.  Also,  the  basic  limita- 
tions of  current  CIG  systems  will  be  discussed,  along  with  the 
possible  modifications,  additions,  and  redesigns  that  appear 
necessary  to  minimise  the  present  objections  to  CIG,  Lastly,  the 
.implementation  of  a CGI  system  to  generate  the  IR  sensor  scene 
including  the  generation  of  the  anomalies  inherent  in  IR  sensor 
imagery  will  be  discuesed.  This  will  cover  the  choice  of  image 
prooessor,  the  modification*  to  the  data  base,  and  the  post- 
processing necessary  for  the  unusual  special  effects. 

The  data  base  generation  systems  have  become  increasingly 
important  to  the  overall  simulator  acceptance,  in  terms  of  both 
data  base  cost  and  scene  design,  For  this  reason  the  methodology 
for  scene  data  entry  and  its  ramifications  will  be  discussed  with 
regard  to  how  the  content  influences  the  image  procesaor.  A dis- 
ousaion  of  data  base  consideration*  appears  in  Section  5. 1.5. 3. 

5 . 1 . 5 . 2 . 1 General  Description 

It  appears  that  all  sophisticated  real-time  CIG  that  have 
been  delivered  to  the  various  users  and  those  CIG  presently  under 
contract  function  in  much  the  same  way.  These  real-time  CIG 
normally  generate  images  at  30  frames  per  sec,  Because  of  this 
high  frame  rate,  no  general-purpose  computer  alone  can  do  the  job. 
Consequently,  a real-time  CIG  system  usually  consists  of  a 
general-purpose  minicomputer  and  a large,  special-purpose  pipeline 
processor . 

Depending  upon  the  processing  algorithms  used,  the  architec- 
ture of  the  special-purpose  image  procescor  varies  little  among 


different  real-time  CIG  systems.  Most  processors  can  be  parti- 
tioned into  three  subsystems,  as  depicted  in  Figure  5. 1.5. 2. 1-1. 
The  major  function  of  the  frame  rate  processor  is  to  obtain  a 
description  of  the  silhouettes  of  potentially  visible  objects  in 
terms  of  the  two-dimensional  screen  (image  plane)  coordinates 
given  their  three-dimensionsal  description  in  the  environment 
coordinate  system.  When  objects  are  modelled  by  planar  surfaces, 
the  silhouette  description  of  each  potentially  visible  planar 
surface  is  usually  in  terms  of  potentially  visible  planar  surface 
edges  defining  its  boundaries.  Each  of  these  edges  is  character- 
ised by  edge  parameters  which  define  where  the  edge  starts,  ends, 
its  slope  and  the  shading  information  of  the  surface  with  which 
the  edge  is  associated,  The  scanline  rate  processor  takes  the 
description  of  these  silhouettes  (planar  surface-edges  in  cases 
where  the  objects  are  modeled  by  planar  surfaces)  from  the  frame 
rate  processor  and  generates  for  each  scanline  their  visible 
intersections  (ordered  from  left  to  right,  if  the  scan  direction 
Is  from  left  to  right).  Finally,  the  picture  element  rate  pro- 
cessor takes  the  viaible  intersections  together  with  shading 
information  to  their  right  and  generates  the  shade  for  every 
picture  elnment  on  the  scanline. 


figure  5. 1.5. 2.1-1  architecture  of  the  special 

PURPOSE  PROCESSOR  OF  A REAL-TIME  CIG  SYSTEM 
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5.1. 5. 2. 2 Limitations 


I** i 


Since  all  real-time  day-night  CIG  system*  operate  at  TV  frame 
r a teal  the  amount  of  scene  detail  is  limited  to  the  number  of 
scene  elements  (edges,  polygons,  etc.)  that  can  be  computer- 
, processed  in  l/30th  of  a second.  All  manufacturers  made  the  many 
trade-offs  between  cost,  scene  detail,  and  user  application 
slightly  different  and,  hence,  the  CIQ  specifications  from  each 
manufacturer  are  different.  The  various  manufacturers  have 
delivered  CIG  systems  that  process  from  2,000  soene  edges  (500 
polygons)  to  8,000  scene  edges  (2,000  polygons)  with  systems 
processing  up  to  30,000  edges  said  to  be  under  development.  There 
are  other  parameters  that  vary  slightly  from  manufacturer  to  manu- 
facturer such  as  levels  of  occulting,  scanline  crossings,  gaming 
area,  etc,  However,  the  interaction  of  each  of  these  parameters 
maHsr  lt  extremely  difficult  to  rank  the  various  CIO  system 
objectively. 


The  most  complex  CIG  scene  that  can  be  generated  by  a CIO  is, 
at  bp, tt,  an  abstraction  of  the  real  world.  More  hardware  and 
faster  processors  can  produce  more  complex  scenes,  but  no  matter 
how  many  edges  are  employed,  the  scene  does  not  contain  nearly  the 
amount  of  detail  that  is  apparent  on  a CMS. 


^■Actually,  the  display  frame  rate  need  only  be  greater  than  24 
frames  per  sec  so  that  the  image  would  not  appear  to  flicker.  The 
use  of  30  frames  per  sec  is  dictated  soley  for  purposes  of  elec- 
tronics simplicity. 
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For  practical  reasons  of  cost  and  complexity  the  image 
processor  designs  have  been  limited  to  using  planar  descriptions 
of  the  desired  scene. 2 a further  simplification  is  that  a single 
color  intensity  is  calculated  for  each  polygon.  These  two  simpli- 
fications (planar  surfaces,  single  color)  result  in  a displayed 
scene  which  is  somewhat  unnatural,  particularly  when  attempting  to 
portray  terrain  and  vegetation  since  little  faceting  occurs 
naturally.  Man-made  (cultural)  objects,  on  the  other  hand,  are 
composed  of  planar  surfaces  or  are  relatively  simple  geometric 
figures  and  thus  appear  realistic  in  CIG. 

This  problem  is  accentuated  when  the  mission  scenario 
requires  low-level  or  NOE  flight.  In  these  cases  the  planar 
surfaces  must  be  made  large  so  that  the  image  processor  can 
produce  a scene  over  a large  field  of  view  with  a reasonable 
visibility  range.  When  the  eye  approaches  these  large  detailed 
surfaces  there  is  little  other  scene  data  available  in  the 
immediate  foreground  to  aid  positioning  of  the  aircraft.  Real- 
time data  base  generation  and  the  addition  of  texture  on  the 
surfaces  may  minimize  this  problem.  Both  techniques  are  being 
developed  and  will  be  discussed  separately. 


It  should  be  pointed  out  that  this  problem  is  not  entirely 
eliminated  by  the  many  scene-levelling  techniques  that  are  in  use 
or  under  development.  These  systems  usually  require  that  an  ob- 
ject be  assigned  a location  in  the  data  base  and  given  an  object 
priority  or,  at  a minimum,  share  a priority  with  a limited  set  of 
objects.  In  those  systems  that  do  not  use  separating  plane  trees 
the^pr iority  problem  does  not  exist,  but  the  basic  scene  edge  capa- 
bility is  much  more  limited  to  begin  with. 


2smoothing  algorithms  are  employed  by  all  the  CGI  manufacturers  to 
extrapolate  the  shading  of  objects  to  produce  a rounding  effect. 
These  provide  a great  improvement  in  realism  but  some  faceting 
still  remains  and  the  algorithms  do  nothing  to  reduce  the  notice- 
able straight-line  segment  silhouette. 
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5 . 1 . 5 . 2 . 3 Other  Computational  Approaches 


Various  researchers  have  studied  the  computer  rendition  of 

parametrically  defined  surface*  (especially  bicubic  patches)  for 
curvilinear  object  simulation  (see  Catmull,  1974,  Blinn,  1978  , 
Whitted,  1978,  Lana  at  al , 1980,  Clark,  1979,  and  Yan,  1980). 
Curvilinear  objects  generated  with  these  surfaces  are  free  of 
artifacts  associated  with  objects  modeled  with  planar  polygons. 
Unfortunately,  it  is  much  more  difficult  to  obtain  the  silhouettes 
of  objects  and  to  perform  intensity  computation  as  well  as  texture 
modulation  within  the  silhouettes  of  objects  on  objects  modeled 
with  parametrically  defined  surfaces  than  objects  modeled  with 
planar  polygons. 

Consequently,  it  does  not  appear  that  a cost-effective, 
ctal-time  implementation  of  rendition  of  objects  modeled  with 
parametrically  defined  surfaces  is  feasible  in  the  near  future. 

5 » 1 . S • 2 . 4 New  Designs  and  Architecture 

The  capability  of  present  CIO  architectures  has  reached  a 
limit,  due  to  system  complexity,  and  new  DIG  designs  will  even- 
tually shift  to  a different  architecture.  A similar  complexity 
limit  has  appeared  in  data  bases  and,  consequently,  data  base 
construction  techniques  will  change  sb  well. 

The  current  hardware  architecture  uses  a long,  single  pipe- 
line to  accomplish  the  image  generation.  Thin  type  of  architec- 
ture requires  new  pipeline  segments  to  add  new  features.  But  the 
system  maintainability  problems  will  increase  for  systems  larger 
than  the  present  CIO's.  The  alternative  is  to  uss  an  architecture 
with  many  small  processors  operating  in  parallel.  Such  architec- 
ture will  be  much  easier  to  design  and  maintain,  and  will  permit 
more  widespread  use  of  large  ecales  of  integration. 
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in  Addition  to  the  change  toward*  parallelism,  future  systems 
will  incorporate  a full  frame  buffer.  This  will  eliminate  scan- 
line-related  restrictions  such  as  the  limit  on  the  number  of  scan- 
line  intersections.  The  processing  restriction*  wi'.l  be  on  a 
frame  basis  rather  than  a line  basis,  which  will  be  a substantial 
improvement  from  the  user's  viewpoint.  The  frame  buffer  also  sim- 
plifies the  implementation  of  many  features,  including  advanced 
features  such  as  translucent  clouds. 

For  the  data  bases,  the  trond  will  be  towards  the  greater  use 
of  pseudorandom  generation  techniques,  so  that  much  of  the  data 
base  detail  will  be  generated  as  required  in  near  real  time.  The 
detail  would  fill  in  outlines  generated  conventionally.  This  will 
rtduoe  the  expense  of  data  base  generation  and  solve  the  problem 
of  acceosing  the  data  bases  fast  enough  from  mass  storage  (this 
is  discussed  further  in  lection  5.1.5. 2. 7). 

Approaches  to  parallel  eyatem  architectures  and  pseudorandom 
system  generation  are  described  in  the  8XQ0RAPH  >80  proceedings. 
However,  it  is  difficult  to  predict  when  the  benefits  of  research 
along  these  lines  will  be  available  in  product  form.  A parallel 
architecture  frame-buffered  system  will  certainly  be  proposed 
within  two  years.  The  improvements  in  data  base  generation  will 
probably  not  come  along  as  fast,  and  are  perhaps  four  t-o  five 
years  away. 

i 

The  hardware  architectural  changes  are  inevitable.  Advances 
in  semi-oonductor  technology  are  occurring  so  rapidly  that  within 
a few  years  competition  will  force  the  manufacturer*  to  construct 
such  a system.  The  data  base  technology,  however,  is  software, 
and  there  is  no  great  push  from  technologies!  innovations  in  soft- 
ware. Consequently,  the  changes  in  data  base  techniques  are  more 
ape oulative . 
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5 . 1 . 5 . 2 . 5 Modified  and  Hybrid  Systems 

Recently  tome  modif icetione  to  the  beeic  CIQ  structure  have 
been  made.  One  of  these  modifications  consists  of  using  the  image 
processor  in  a dual  capacity,  partly  as  a night-only  (vector  dis- 
play) end  partly  as  a day-night  system  (raster  display).  This  is 
implemented  by  using  soma  of  the  available  frame  time  to  display 
light  sources  in  a calligraphic  mode.  Although  the  scene  is  pre- 
sented on  a shadow  mask  CRT  rather  than  the  normal  beam  penetra- 
tion tube  CRT  used  for  night-only  systems,  the  images  of  the 
lights  are  far  better  than  the  images  obtainable  on  day-night  CIO 
systems*  In  turn  some  compromise  has  to  be  made  in  the  day  acane 
becauee  of  the  frame  time  being  used  for  the  oalligraphio  mode. 

The  number  of  frames  displayed  per  eeoond  la  reduced  causing  the 
scent  to  flioksr  even  when  the  dieplsy  brightness  and  contrast  ere 
raduced  to  minimise  this  effect.  Other  compromises  in  scene  pro- 
cessing may  also  be  required. 

A second  class  of  simple  CXQ  systems  has  also  bean  introduced 
and  is  finding  soma  llmitsd  application  in  simulation  whsrs  the 
eyepoint,  for  essmple,  hes  • very  limited  range  of  motion,  in 
these  cases  the  visual  aystam  background  scene  is  imaged  from  tho 
real-world  scene  and  stored 'on  s videodisk,  in  operation  the 
background  scene  is  retrieved  from  disk  and  projected  onto  a 
scretn  whila  only  the  limited  detail  targets  are  computed  and 
overlayed  over  the  background.  In  addition,  little  or  no  occult- 
ing is  computed.  The  eyetem  is  inaxpensive  but  obviously  has  the 
disturbing  oooulting  and  insetting  problems.  There  are  a number 
of  different  version*  of  this  type  of  system,  particularly  in  the 
ares  of  air  target  simulation. 

5.1, 5. 2, 6 Texture 


As  stated  previously,  the  planar  aurfact  image  as  currently 
available  ii  inadequate  for  aome  application*.  Thic  la  particu- 
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larly  true  for  full  mission  simulation  where  the  visual  system 
mutt  provide  adequate  cues  for  low-level  or  NOE  flight.  Real* 
world  confusion  mult  be  incorporated  in  the  simulated  image 
pviiMnted  to  the  pilot  (see  Figure  5. 1.  5.  2.6-1 ) . Planar  surfaces 
are  too  explicit  to  represent  nature's  subtlety.  To  solve  these 
problems  and  provide  faithful  real-worK  training  cues  we  muat 
"tiftatf'fcn  titer  native  data  base  representation  completely  indepen- 
dent of  edges  • luoh  a representation  is  provided  by  texturing. 


^•v  L •ItadV  'A  ‘texture  • funotion  can  be  defined  for  the  entire  scene 

'itAtoVW-'-  .V  -i  c.  V.v . 

allowing  large  areas  to  be  modeled  by  an  extremely  small 


Texturing  has  three  basic  qualities  that  make  it  ideal  for 

; . in  * > f nc  - *-•  i 

mbdflihd'  real-world  features.  First,  it  oan  be  spatially  uniim- 


^‘v:f;^dttl  tJiae'.  ' Second,  it  oan  provide  the  neceaeary  complexity  and 

by  geher*ting  seemingly  random  patches  and  blobs, 
ilt  ctn  mimic  ‘nature's  subtlety,  deliberately  avoiding 
IrFr7"’ iapoif  la  bounder  is  • by  blending  ahedlng  from  patch  to  patch. 


'la  not 'a  new  concept i it  has  been  disoussed  for 
WU':  But'  four  basic  probiama  have  delayed  effective  impit- 

''  mantatloni  ohooeing  a texture  modsl,  correlating  the  model  with 
ra ai- world  features,  assuring  perspective  validity,  and  imple- 
nanting  texture  generation  at  real-time  display  rates. 

Three  different  generic  texture  models  have  been  suggested. 
The  first  usee  stored  digitised  images  of  real-world  features. 
it The  problems  of  date  base  managenant  and  perapective  trans- 
formation max*  this  approach  acceptable  only  for  limited  simula- 
tion soenarioi.  At  the  other  end  of  the  spectrum,  the  second 
technique  involves  adding  a random  aignal  to  the  projected  image 
of  a scene.  inch  an  approach  nimplifiea  high-speed  implementation 
but  sacrifices  realism,  perspective,  validity,  and  even  frame-’o- 
frame  consistency.  Between  these  two  extremes  lice  the  third 
method  of  texturing,  defining  a mathematical  function  that  will 
generate  the  desired  pattern.  Such  a model  can  be  defined  by  a 
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Figurt  5. 1,5. 2.6-1  TEXTURE  ON  HORIZONTAL  AND 
NON-HORIZONTAL  SURFACES 


small  number  of  parameters  to  provide  a compact  data  base.  The 

parameters  can  be  selected  to  correlate  with  the  atatiatical  char- 
aoteriatica  of  the  real-world  features  being  modeled,  Perspective 
validity  can  bo  assured  by  making  the  scene  position  coordinates 
the  independent  variables  of  the  texture  function.  Real-time 
implementation,  ae  with  all  CIG  algorithms,  will  require  special- 
purpose  hardware , 

Several  manufacturers  are  developing  texture  consisting  of 
regularly  repeated  patterns,  one  and  two-dimensional,  that  are 
superimposed  upon  the  faces  of  the  objects  in  the  image  (see 
Bunker  et  al,  1978,  Reynolds  et  al,  1978,  and  Van,  1980). 

To  keep  the  superimposed  patterns  fixed  to  the  object,  either 
ground-mapped  or  surf  ace -mapped  texture  can  be  used,  in  ground- 
mapped  approaches  all  texture  patterns  are  tied  to  earth  coordin- 
ates and  are  projected  onto  textured  faces.  Texture  is  then 
generated  as  an  intensity  variation  for  each  picture  element  of 
the  simulated  image.  These  variations  would  then  be  combined  with 
the  scene  intensity.  In  this  way  bright  objects  would  be  textured 
brightly  and  dimmer  objects  textured  faintly.  One  limitation  of  a 
ground-mapped  system  is  that  texture  cannot  be  applied  to  vertical 
surf  ace  a. 

Surface  mapping  is  a more  general  case  of  ground  mapping.  It 
has  the  advantage  that  the  texture  patterns  are  not  distorted  as  a 
function  of  surface  (polygon)  slope.  However,  one  disadvantage  is 
that  continuity  of  texture  across  surface  boundaries  is  not  guar- 
anteed and  also,  the  coordinate  computation  is  more  difficult. 

As  discussed  earlier,  the  limited  computing  capacities  of 
current  CIO  systems  make  it  mandatory  that  any  texture  generator 
avoid  processing  texture  in  the  pipeline  processor.  However,  a 
number  of  additions  to  current  CIG  systems  are  necessary  in  order 
to  calculate  the  coordinate  transformations  to  superimpose  the  pat- 
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tern(s)  upon  the  image  faces.  Even  when  the  texture  is  not  being 

processed  in  the  pipeline,  the  extent  of  these  additions  makes  it 
extremely  difficult  to  retrofit  texture  into  current  visual  sys- 
tems. Future  CIG  systems  can  make  provision  for  these  additions 
in  the  early  design.  In  addition  to  the  coordinate  calculations, 
provision  must  be  made  to  provide  codes  for  selecting  and  placing 
texture  on  any  desired  polygon  in  the  data  base. 

One  further  consideration  is  that  when  several  levels  of  tex- 
ture are  provided  to  be  inserted  as  a function  of  range,  a method 
of  blending  the  various  levels  at  their  boundaries  must  be  in- 
cluded. 

5 . 1 . 5 . 2 . 7 Visual  System  Data  3aaa  Generation 

Currently,  digital  visual  data  bases  are  being  built  in 
several  different  ways,  depending  on  the  manufacturer  and  the 
particular  contract  requirement. 

The  most  common  method,  and  one  that  each  of  the  manufac- 
turers has  perfected  to  some  degree,  is  a computer-assisted 
digitising  approach  using  a wide  variety  of  input  source  mate- 
rials. Most  of  the  terrain  data  is  digitised  using  lifts  taken 
from  U.S,  Gfcologiaal  Survey  maps,  usually  the  1/24,000  and 
1/62,500  series.  Low-level  two-dimensional  cultural  data  is  also 
taken  from  these  maps.  High-level  three-dimensional  cultural 
detail  is  obtained  by  abstracting  data  from  civil  engineering 
drawings.  In  a few  cases  dimensions  are  estimated  from  aerial 
photoa  or  a combination  of  map  and  photo.  Color  determination  is 
not  as  clearcut  and  is  discussed  separately. 

The  second  method  usob  Defense  Mapping  Agency  Digital  Data 
Base  (DMA  DDB } . In  many  cases  the  use  of  this  data  is  specified 
by  contract,  or  at  a minimum  its  use  is  highly  recommended.  The 
DMA  DDB  can  be  used  manually  or  semiautomatically  in  much  the  same 
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manner  that  U.S.  Geoloqical  Survey  material  is  used.  However, 

much  effort  is  currently  being  expended  tc  develop  visual  data 
base  transformation  programs  that  automatically  transform  the  DMA 
DDE  into  a data  base  for  real  time  simulation.  Appendix  D is  a 
description  of  the  contents  of  the  DMA  Data  Base. 

The  initial  attempt  to  use  CMAAC  for  data  base  generation  was 
with  the  digital  radar  landmaia  system  (DlLMS).  The  requirements 
of  this  type  of  data  base  called  for  generalized  features  of  rela- 
tively large  geographical  areas.  DMAAC  generation  in  this  situa- 
tion was  very  successful  and  these  data  bases  are  currently  used 
on  various  simulations. 

Development  of  accurate  highly  detailed  data  bases  for  visual 
systems  has  not  found  tha  same  success  as  the  DRLMS.  A Link  study 
analyzed  dmaa  data  and  compared  it  with  other  sources  of  cultural 
data  (namely,  aerial  photographs  and  topographies rr.cps).  The 
study  centered  arcund  two  major  areas  of  intereutj  data  omission 
and  digitization  errors.  Data  omisaion  included  omission  of 
significant  features  and  shape  errors.  Digitization  errors 
included  clockwise  digitization,  feature  overlap,  and  reentering 
(self- j ntersection) . 

The  study  found  that  in  the  sparse  area  selected  to  be 
studied,  no  features  were  contained  in  the  DMAAC  manuscripts.  How- 
ever, vegetation,  dry  washes,  and  buildings  ware  found  in  aerial 
photographs  which,  due  to  the  sparseness  of  the  area  should  have 
been  included  as  DMAAC  specifications  state.  In  denser  areas, 
lakes,  rivers,  bridges,  small  towns,  railroad  yards,  dams  were 
missing  in  the  DMAAC  data  and  visible  in  aerial  photographs.  Oc- 
casionally features  were  found  which  were  not  digitized  when  fea- 
tures of  similar  size  and  attributes  in  the  same  manuscripts  were 
included.  Also  some  features  in  the  manuscripts  studied  were 
found  to  visibly  overlap.  This  constitutes  a digitization  error 
over  and  above  the  inherent  statistical  error  of  the  DMAAC  data. 
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A transformation  system  has  been  developed  which  auto- 
matically transforms  the  DMA  DDB  into  a data  base  for  real-time 
simulation  of  the  B-52  E-0  viewing  system.  To  enter  the  system, 
the  user  reviews  the  source  data  and  specifies  edge  budgets,  error 
tolerances,  and  visual  and  infrared  models  for  DMA  planimetry  fea- 
ture classes.  The  DMA  DDB  is  read  and  reblockeh  into  standard 
geographical  areas;  data  from  different  manuscripts,  levels,  and 
releases  are  merged  into  a composite  source  file.  The  user  then 
edits  the  composite  source.  The  planimetry  and  terrain  are  inde- 
pendently modeled  into  visual  and  IR  representations  and  progres- 
sively simplified  (leveled)  to  mtet  the  specified  edge  and  error 
budgets  at  several  levels  of  detail.  The  leveled  planimetry  and 
terrain  are  integrated  into  a combined  ecene  model  and  reformatted 
for  real-time  use. 

Improvemente  to  thia  technology  in  the  next  five  years  will 
include  the  following.  The  complexity  and  fidelity  of  the  trans- 
formed scene  will  increase  to  accommodate  tactical  combat  rehear- 
sal in  real-world  areas.  Automatic  and  manual  modsling  will  be 
Integrated  into  a single-scent  construction  system  which  will  aug- 
ment human  perception  and  judgement  with  automatic  processing  of 
details.  Data  aources  other  than  the  DMA  DDB,  such  as  large-scale 
maps,  will  be  used.  Productivity  will  continue  to  improve,  per- 
haps by  an  order  of  magnitude.  Off-line  diagnostic  tools  will  be 
developed  to  detect  most  data  base  errors  without  use  of  the 
real-time  simulator.  Both  round  and  flat-earth  gaming  areas  will 
be  supported.  Areas  described  as  city,  open  forest,  etc.,  without 
Internal  detail  will  be  automatically  replaced  by  realistic 
two-dimeneional  or  three-dimensional  texture  patterns.  Models 
will  be  developed  for  a variety  of  electro-optical  sensors. 


In  addition,  data  bases  may  be  developed  which  are  similar  to 
the  DMA  DDB,  but  designed  specifically  to  support  visual  and  E-0 
simulation.  New  data  base  designs  and  formats  may  be  operable  on 
several  different  CIG  systems.  CIG  throughput  analysis  may  permit 
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the  specification  anil  construction  of  data  bases  which  consistent- 
ly use  almost  all  the  available  CIG  capacity  without  risking  over- 
load. Improved  understanding  of  pilot  cues  may  allow  translation 
of  training  needs  into  specific  testable  CIG  performance  require- 
ments. 

Some  systems  use  various  combinations  of  the  above  systems. 

In  addition,  all  companies  are  working  on  new  data  base  generation 
programs  to  make  data  entry  easier  (simpler  commands,  better  pr  ima 
tives,  etc.)  and  are  also  improving  the  entry  equipment  by  adding 
interactive  displays.  It  would  be  highly  desirable  if  the  inter- 
active display  were  coupled  with  the  data  base  compiler  so  that 
the  operator  modifications  were  made  directly  in  the  real-time 
data  base  program.  Present  efforts,  however,  require  recompiling 
of  the  data  base  in  many  cases. 

5. 1.5. 2.8  Alternate  FPL  Data  Base  Preparation 


An  alternate  method  of  data  base  preparation  may  be  of  inter- 
est to  FDL.  It  has  been  used  in  several  special  cases  and  may 
find  more  use  in  the  future.  It  is  completely  computer-generated 
culture  and  terrain.  Programs  have  been  written  that  require  only 
a few  city  parameters  (street  width,  alley  width,  block  size,  area 
of  city,  and  nominal  building  height)  and  randomly  generate  a city 
that  can  be  displayed  immediately  in  a digital  visual  system.  The 
same  system  can  also  randomly  generate  terrain,  given  height  and 
location  of  peaks,  saddles,  and  ridges.  Note  that  these  programs 
generate  both  the  culture  and  terrain  in  a random  fashion;  hence, 
the  resulting  data  base  only  approximates  a real-world  scene.  For 
flight  test  purposes  this  procedure  may  be  invaluable  because  it 
can  be  made  to  produce  a different  data  base  with  exactly  the  same 
level  of  complexity  for  every  test  flight  and,  hence,  remove  the 
learning  curve  problem  from  the  flight  test. 


* • I.  * V,  *.  L,  ■*«.-**'*  „ •*.*».  * . 
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5. 1.5. 3 IR  Sensor  Simulation 


IR  MnkAri  either  direct  viewing  or  scanning  devices  (in 
the  latter  case  they  may  be  mechanically  or  electronically  scan- 
ned). Whethe  the  aensora  themselves  are  direct  viewing  or 
■canning  devices  the  cockpit  displays  are  universally  electronic 
•canning  devicee  (IV  displays)  because  the  data  can  be  more 
Conveniently  tr  an  emitted « Since  the  most  reaeonable  IR  dleplay  is 
- s raster  device  it  ie  reaeonable  to  asaume  that  the  most  econom- 
ical ^IR  aimu;  -.tier.  device  would  be  the  modification  of  a visual 
simulator  rather  than  the  parallel  deeign  of  a completaly  new 
sensor  simulator, 


The  reacone  for  these  necessary  modifications  and  their  poaaj- 
ble  imple rente t ion  in  the  digital  visual  systems  will  be  discussed 
in  further  detail  in  the  following  paragraphs. 


9. 1.3. 3,1  XR  Byeteni  Deeign 


A cursory  analysis  of  ths  types  of  XR  sensor  indicates  that 
the  elcwacan  (mechanical,  single  element)  systems  are  likely  to 
be  completely  phased  out  of  uue  in  the  next  few  years.  These  are 
being  replaced  by  JR  acannera  operating  at  television  frame  or 
field  rates  and  by  direct  imaging  acannera.  In  addition,  the 
future  IR  scanners  may  be  steerable  or  head  slaved. 


These  latter  ouvicee  make  it  necessary  to  slew  at  rates  up  to 
SO*  per  esc  without  noticeable  scene  breakup.  At  theae  high  slew 
ratae  it  ie  necessary  to  update  the  scene  at  TV  field  rates  rather 
then  at  TV  frame  rates  to  as  to  eliminate  the  double  image  effect. 

Thia  set  of  gonerul  IR  scene  generation  requirements  indi- 
cates that  the  computational  requirements  are  quite  similar  to 
helicopter  digital  visual  systems,  and  it  follows  that  any  new  IR 
■cene  generator  would  closely  parallel  preeent  digital  visual  ays- 
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tem  designs.  It  appears  reasonable  to  conclude  that  the  best  and 

most  economical  approach  would  be  to  uu  a digital  visual  system 
for  XR  simulation.  A second  important  reason  for  this  choice  is 
the  necessity  of  providing  correlated  imagery  for  all  sensore  and 
the  visual  scene.  This  will  be  discussed  in  more  detail  later. 


Using  a digital  visual  systam  requires  some  modification, 
mainly  in  the  data  base  structure,  to  provide  IR  data  to  the  image 
processor  and  to  the  video  generator  to  generate  the  correct  IR  in- 
tensity rf turns  and  ths  special  affects.  Depending  on  the  content 
of  the  XR  data  assigned  to  objecta  or  facts  in  the  data  bate,  some 
Additional  computation  may  be  necessary  in  the  illumination  subsys- 
tem of  the  image  processor  discuaeed  in  aaction  5. 1.5. 3. 2.  Figure 
5« 1* 5, 3. 1-1A,  shows  the  functions  of  a typical  digital  visual 
consign* At ion  and  S shows  a possible  reconfiguration  to  aimulate 
an  IR  sensor.  Notice  that  this  diagram  is  effectively  the  seme  as 
figure  5. 1.5. 2.1-1. 


Current  digital  visual  eyatame  also  males  provision  for  comput- 
ing several  channels,  that  la,  sensor  soenes  computed  from  differ- 
ing specif io  points  of  view.l  one  of  these  channels  can  be  used 
for  the  visual  scene,  one  for  the  XR  sensor  displays,  and  perhaps 
another  for  the  LLLTV. 


This  greatly  aimplifiea  the  problems  of  providing  multisensor 
data  correlated  ao  that  all  objects  are  in  their  correct  respec- 
tive location  when  the  viewer  movee  hia  eye*  from  ona  type  of  dis- 
play to  another.  This  it  dona  simply  by  using  a common  digital 
data  baas  for  all  sensors.  Since  the  object  ia  described  by  only 
one  set  of  polygons  (vertices)  it  will  appear  properly  oriented  in 


1 Digital  visual  image  processors  are  constructed  bo  that  dif- 
ferent spatial  viewpoints  can  be  used  to  compute  the  scene  for  any 
displays.  Most  image  processors  can  drive  up  to  seven  channels. 
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each  type  of  display.  Currently,  time  separate  descriptors  in  the 
data  bates  are  used  by  the  system  for  computing  the  proper  IR  (or 
other  tensor)  scene.  This  implementation  it  being  successfully 
employed  in  the  more  sophisticated  sensor  system  simulators  such 
es  KC-135  and  B-52. 


'The  further  development  of  a common  multisenaor  data  base  is 
tn  important  goal  for  both  tha  manufacturer*  and  the  Air  Force. 
Borne  of  theee  investigations  are  directad  toward  the  inclusion  of 
inany  additional  sensor  codes  for  eaoh  object  in  the  data  base, 
tines  it  haa  bean  noted  in  early  IR  tensor  simulation  programs 
that  e further  partition  of  the  data  baas  object*  may  be  neces- 
sary, these  separate  codes  will  describe  the  appearance  of  each 
object  at  every  uaable  apectral  region  (the  entire  electromagnetic 
apeo tr urn,  is  not  uaable  because  of  the  atmospheric  attenuation  of 
radiation  at  particular  wavelengths  by  the  atmosphere.  In  the  IR 
region,  for  example,  only  the  3-5  micron  and  8-14  micron  regions 
are  useful).  This  multiple  code  would  then  allow  several  differ- 
ent sensors  to  be  simulated. 


This  may  not  completely  satisfy  new  IR  simulation  require- 
ments because  current  coding  assigns  a unique  cod*  to  an  entire 
date  bees  object.  In  actuality,  objectH  exhibit  different  IR  pro- 
perties for  each  fact  because  of  materials,  surroundings,  ate.  It 
may  aoon  be  required  that  each  faca  of  an  object  be  aubdivided 
into  a number  of  smaller  elements  with  each  of  these  subfaces 
being  given  e separate  code,  Thie  would  provide  further  informa- 
tion to  the  processor  to  enhance  realism. 


Currently,  the  noiee  inherent  in  the  actual  eensor  displays 
completely  maeka  the  eubtle  differences  sxhibitsd  in  ths  IR 
radietion  of  largs  masses  (terrain,  foliage,  runways,  roads, 
etc.).  With  the  advent  of  a new  generation  of  IR  sensors  now 
being  developed  theee  effects  will  become  necessary  to  provide 
realism.  These  effects  will  have  to  be  treated  in  the  same  manner 
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as  texture  is  handled  in  some  of  the  latest  visual  simulators, 
i.e.,  with  additional  data  base  coding  foi  each  face  affected  so 

that  various  texture  patterns  and  pattern  aizes  stored  in  the  data 
base  can  be  merged  with  the  face  itself  in  the  video  generation 
aubsystem  of  the  image  processor.  This  method  of  texture  gener- 
ation relieves  the  image  processor  of  the  processing  of  edges  for 
texture  effects. 

The  IR  sensor  poses  additional  problems  with  the  else  and  for 
mat  of  the  sensor  data  base.  Since  the  sensor  is  usually  part  of 
a sophisticated  optical  aystem,  the  FOV  of  the  sensor  can  be  rapid 
ly  changed  from  the  wide  angle  coverage  normally  used  for  search 
to  a magnified  view  as  small  as  1*  by  1*  when  attempting  to  identi 
fy  an  object.  An  attempt  to  produce  a reasonably  detailed  scene 
by  extraction  from  a not  very  detailed  data  base  would  show  an 
.extremely  sparse  scene.  Figure  3. 1.5. 3. 1-2  helps  to  illustrate 
the  extent  of  the  problem. 


I 

Figure  5. 1.5. 3. 1-2  FOV  GEOMETRY 
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With  a 60°  FOV  and  an  IR  range  of  10  mi,  the  area  that  must 
be  populated  with  edges  is  approximately  50  square  mi.  If  a 30- 
power  optics  system  were  employed  (a  2°  FOV),  the  area  of  interest 
would  be  approximately  1.5  square  mi.  Assuming  that  a computing 
capacity  is  10,  000  edges  and  a data  base  were  designed  so  that  all 
edges  could  be  seen  at  the  maximum  FOV,  only  1/40  of  the  edges 
(250  edges)  would  be  in  the  magnified  area.  It  is  obvious,  there- 
fore, that  either  a more  powerful  data  base  retrieval  system  is 
required  (along  with  better  data  base  generation  and  data  base 
storage  methods)  or  a priori  knowledge  of  the  objects  of  interest 
is  required.  In  the  general  sensor  simulation  case,  the  latter  is 
unacceptable,  requiring  substantial  development  of  more  flexible 
sensor  data  base  systems  than  those  currently  in  use.  However, 
the  FDL  has  far  better  control  of  the  mission  scenario  and  may  be 
able  to  dictate  the  area  (objects)  to  be  scanned  or  observed  with 
the  small  FOV  IR  sensor.  This  allows  the  current  image  processors 
to  be  used  by  taking  advantage  of  the  visual  system  leveling  func- 
tions, re  solvability  code  testing,  and  careful  partitioning  of  the 
data  base  . 

5. 1.5. 3. 2 IR  Image  Processor  Requirements 


The  image  processor  for  IR  scene  generation  must  perform  the 
same  geometric  processing  as  required  for  visual  simulation.  Both 
visual  and  IR  sensor  image  processors  must  retrieve  scene  data 
defined  as  polygons  or  edges  stored  in  a data  base,  perform  coor- 
dinate transformations  of  objects,  clip  transformed  objects  to  the 
boundaries  of  the  viewing  window,  delete  hidden  lines,  sort  the 
remaining  edges,  convert  the  edges  to  raster  scanline  intersec- 
tions, and  produce  video  to  drive  a display.  The  IR  processing 
differs  substantially  only  in  the  illumination  system  computation. 
In  the  visual  image  processor  color  is  stored  on  a polygon  basis 
and  the  intensity  of  the  assigned  color  is  modified  as  a function 
of  the  incident  angle  of  the  sun  (or  other  illumination  source) 
and  the  viewing  angle.  The  IR  return,  on  the  other  hand,  is  far 
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more  complex  and  therefore  requires  a more  sophisticated  intensity 
computation  system. 

5 • X « 5 1 3 • 3 IR  Intimity  Return  Algorithm 

This  algorithm  will  be  a specialised  solution  of  the  basic  IK 
radiation  equation  combined  with  an  atmospheric  transmittance 
equation i 

N ■ ££2L  Watts  per  cm2  per  steradian 
Where  N * IR  radiance  of  the  object 

emissivity 

o » Stefan  - Boltsman  constant  5.67  x 10“l2w  om“2(*K)“4 

T ■ Temperature  (degrees  Kelvin  (*K)) 

- It  appears  that  the  solution  to  this  equation  is  appropriate 
tor  IP  simulation.  However,  the  determination  of  the  emissivity 
'and  temperature  terms  for  the  wide  assortment  of  objects  to  be  ex- 
pected in  an  IR  data  base  is  a complex  task. 

■ V ' ' 

The  two  variables  in  this  equation  are  emissivity,  e,  and  tern 
perature,  T.  Bmlseivity  is  the  ratio  of  energy  emitted  by  the 
specified  object  to  the  energy  which  would  be  emitted  by  a black 
body  of  the  same  temperature,  T.  The  emissivity  of  an  object  may 
be  determined  as  a function  of  the  material  of  which  it  is  com- 
posed, or  of  whiah  each  part  is  composed.  The  basic  value  must  be 
modified  as  a function  of  the  surface  finish  and  the  shape  of  the 
object.  For  exposed  cultural  objects,  weather  effects  will 
greatly  modify  emissivity.  For  example,  one  or  more  surfaces  of 
the  basic  object  may  be  coated  with  rain,  ice,  snow,  soot,  or 
other  atmospheric  precipitants . Similarly,  temperature,  T,  is  a 
function  of  sun  (an  the  major  energy  input  source)  angle  modified 
by  internal  heating  of  the  object  and  weather  effects  such  as 


cloud  cover,  falling  rain  or  snow,  or  current  ambient  temperature 

at  tha  objact.  The  temperature  ia  furthar  modified  by  recent 
history,  ainca  moat  objacta  of  interest  have  long  thermal  time 
constants*  and  atora  raaulta  of  preceding  weather,  aun  illumi- 
nation, internal  heating,  etc. 

Tha  atmospheric  tranamittanca  aquation  iat 

I - IA  + do  - iA)  e-R'Kl 

where  t 


1 ■ , tha  obaerved  intensity  of  tha  objact 

ZA  ■ tha  observed  intensity  of  tha  atmosphere 

lo  ■ the  observed  intensity  of  tha  objact  at  zero  range 

R 1 ■ the  ratio  of  tha  distance  to  tha  objact  to  the 

visibility  distance 
Ki  « tha  scaling  coefficient 

Iq  ia  related  to  objact  IR  radiance,  N,  by  a constant  Kg 

Parameter  flexibility  ia  inherent  since  tha  visibility  range 
and  scaling  coefficients  and  Kg  can  be  assigned  by  program 
aontrol , 

Treating  I as  a single  numerical  magnituda  is  correct  for 
wavulength-indepe ndent  sensors,  such  as  pyrolitic  and  other  ther- 
mal sensors.  However,  for  photon  sensors,  each  object  should  be 
provided  with  emissivity  («)  versus  wavelength  (\)  function  tables 
or  curves,  and  I for  each  emitting  wavelength  should  then  be  multi- 
plied by  a factor  which  describes  the  sensitivity  of  that  particu- 
lar photon  detector  at  that  wavelength.  The  summation  of  these  re- 
sult* will  provide  the  final  detactor  value,  I.  Simulation  of 
these  effects  is  possible,  since  each  data  baae  object  can  have 
known  values  aaaigned  for  each  possible  sensor  type,  and  atmos- 
pheric windows  can  be  defined  for  each  simulation. 
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5,1. 5. 3, 4 IR  Intensity  Return  Implementation 
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It  ii  obvioua  that  the  computation  to  obtain  the  proper  inten- 
sity ii  possible  but  difficult  to  implement  because,  for  one,  the 
factors  cannot  be  easily  obtained!  and,  secondly,  the  amount  of 
computation  to  be  performed  in  real  time  becomes  prohibitive.  In 
a practical  case  a simpler  solution  than  solving  the  classic  equa- 
tions is  necessary. 


One,  obvious  solution  is  to  assign  arbitrary  codes  to  each 
dais  of  objects  in  the  data  base.  The  objects  can  be  grouped  and 
assigned  a common  coda  whan  they  exhibit  the  aame  general  IR  pro- 
perties with  reapact  to  axtant  of  emiaaion,  cooling  rates,  etc. 

The  rules  for  applying  the  code  for  objects  can  be  specified  to 
'the  ta  base  modeler.  Thia  arbitrary  coda  will  ba  retrieved  with 
the  object  record  and  used  to  index  storod  tables  that  contain  the 
faotora  necessary  for  the  computation  of  IR  returns.  The  table 
aervea  tha  purpose  of  reducing  the  amount  of  radundant  data  that 
need  to  be  stored,  in  each  object  record  in  the  data  bass. 

Uaing  an  object  IR  code  to  indax  atored  tables  also  makes  it 
possible  to  provide  many  levels  of  sophistication  to  tha  computa- 
tion of  IR  raturna.  Partitions  of  the  stored  tables  and  addition- 
al codes  oan  be  used  for  new  tensors  or  make  use  of  better  IR 
return  intensity  data  without  affecting  the  design  of  the  image 
prooe  ssor . 

There  are  obviously  other  methods  for  storing  ths  IR  paramet- 
ers and  subsequently  computing  ths  IR  intensity  returns.  At  this 
time,  however,  it  is  mors  important  to  obtain  sufficient  IR  para- 
meter data  in  a form  useful  for  computation. 


1 Emiasivity,  for  example,  ia  not  included  in  the  DMA  DDB.  In 
fact,  as  described  in  Appendix  D,  objects  of  any  kind  (cultural  or 
natural)  are  only  defined  as  to  their  predominant  material  type. 
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Further  computation  beyond  that  required  for  determining  a 

standard  IR  intensity  return  can  alio  be  a combination  of  table 
lookup  of  correction  factors  or  stored  functions.  These  computa- 
tions can  take  into  account  aeasonal  changes,  weather,  latitude, 
and  time  of  day.  Mora  subtle  effects,  such  as  adjacency  effects, 
may  not  be  computed  in  the  naxt  generation  device. 

5, 1.5.3. 5 Special  Effects 

'The  IR  images  produced  with  the  DIO  (as  described  in  section 
5.1. 5.3, 3)  exhibit  the  same  shortcomings  of  most  digital  imagery. 
The  colors  and/or  intensity  of  each  face  are  homogeneous  and  the 
scene  lacks  detail.  On  the  other  hand,  the  actual  IR  image  is 
extremely  noisy  and  contains  many  artifacts.  In  other  words,  the 
data  base  and  processing  limitations  create  a sparse  but  clean 
scene  while  the  actual  scene  has  great  detail  concealed  with 
noise . 

The  special  effects,  as  discussed  previously,  do  not  orig- 
inate from  a single  source  but  are  functions  of  type  of  aircraft, 
aircraft  attitude,  type  of  IR  detector,  transmission  chain  anom- 
alies, target  background,  scene  dynamic  range,  absolute  target 
temperature,  and  many  other  factors.  Some  of  these  effects  can 
quite  easily  be  simulated  by  analog  techniques.  For  example, 
transmission  and  display  anomalies  can  be  accommodated  with  an 
image  converter  and  TV  channel,  either  included  in  or  after  the 
video  processor  of  the  CIG  systems  (see  Figure  5 . 1 . 5 . 3 . 1-1B) . 

Some  of  the  other  special  effects  are  now  being  accommodated 
with  a modified  video  generator.  In  moot  cases  the  IR  return  is 
changed  on  a scanl ine-by-scanl ine  basis.  This  works  well  for 
effects  such  as  banding,  etc.,  but  some  effects  (such  as  halo  and 
tail)  will  require  more  sophisticated  techniques.  These  tech- 
niques will,  more  than  likely,  require  a full  frame  output  buffer. 
In  addition,  much  more  Information  must  be  factored  into  special 
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effects  to  provide  the  full  range  of  artifacts  exhibited  by  opera- 
tional equipment,  This  all  but  dictataa  a digital  proctisor  dedi- 
cated to  providing  thaaa  effect*. 

Tha  digital  processor,  in  conjunction  with  a full  frame  out- 
put buffer,  would  provide  a software  programming  capability  for 
most  of  tha  special  affects  which  are  presently  recognised  end 
would  also  accommodate  the  special  effeota  that  may  be  a part  of 
future  IR  aenaors. 

5. 1. 5. 3. 6 Special  Requirements  - Samitranaluctnt  Objacta 

Thera  ia  a naad  to  product  atmi translucent  objacta  for  such 
reel-world  objects  as  localised  smog  or  steam.  Thera  are  a number 
of  alternative  techniques  that  may  ba  used  to  produce  this  effact 
(see  Uwandowski  et  al,  I960,  and,  Bunker,  1979).  Both  of  thesa 
new  techniques  can  be  uaed  under  oertain  conditions  and  product 
acceptable  (and  sometimes  dramatic)  affacta. 

5. 1.5. 3. 7 Concealment 

In  addition  to  providing  tsxture  to  tha  objacta  and  polygons 
in  the  XR  ecene  (in  the  asms  mannar  as  discussed  in  the  visual 
■cant  gensration  section)  it  will  also  be  neceeaary  to  develop  a 
special  kind  of  textura.  Tha  special  texture  muat  be  provided  in 
the  IR  scene  ao  that  IR  emitters  can  ba  concaalad.  At  present  tha 
•paraeness  of  tha  CIQ  scene  does  not  permit  making  subtle  or  par- 
tially hiddan  objacta  because  tha  vary  presence  of  objects  in  tha 
scene  indicates  importance.  Training  in  search  techniques  with 
CXQ  will  require  the  development  of  real-time  data  base,  post- 
processing, and  additional  hardware  in  addition  to  the  psycho- 
physical research  efforts  currently  underway. 
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5. 1.5. 3. 8 Moving  Objects 


Moving  objects  are  easier  to  locate  and  identify  in  a 
computer-generated  scene  than  they  are  in  the  actual  visual  scene 
because  the  eye  is  sensitive  to  motion,  particularly  in  the  per- 
iphery of  vision.  In  the  IR  scene  these  objects  are  even  more 
important  because,  in  addition  to  their  motion,  they  also  are 
represented  by  unique  IR  signatures.  All  objects  of  this  class 
have  a concentrated  heat  emitting  source  which,  except  in  unique 
situations  such  as  deserts,  are  much  hotter  than  the  surroundings. 
This  source  usually  is  sufficient  to  warm  the  entire  object  and 
clearly  outline  it  against  the  background. 

The  digital  modeling  of  these  objects  is  relatively  straight- 
forward because  a large  number  of  IR  photos  and  computer  thermal 
plots  (both  actual  and  predicted)  are  available.  The  more  diffi- 
cult task  is  the  realistic  movement  of  these  objects  along  the 
terrain,  Current  image  processing  systems  require  preprogrammed 
paths,  usually  along  known  slopes  or  along  selected  areas  of  the 
data  base.  Real-time  software  written  for  this  task  usually 
limits  the  path  and  the  number  of  vehicles  that  can  be  accommo- 
dated at  any  one  time.  A more  general  solution  will  have  to  be 
perfected  so  that  the  vehicles  can  move  anywhere  in  the  data  base. 
This  may  include  a more  straightforward  solution  to  establishing 
the  height  of  the  terrain  at  any  arbitrary  point  in  the  data  base. 

5. 1.5. 3. 9 Weapons  Effects 

Moving  ol  sets  can  move  in  any  direction  on  or  above  the 
terrain,  but  do  not  themselves  change  shape,  On  the  other  hand, 
bomb  bursts,  shel.1  hit;,  etc.,  are  dynamic  objects.  They  grow 
randomly  but  aomewhat  predictably;  move  as  a function  of  wind 
direction;  and  change  color.  An  accurate  portrayal  of  the  burst 
image  (aa  opposed  to  a aymbolic  portrayal)  ic  extremely  important 
to  IR  simulation  because  the  observer  obtains  information  from  the 
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shape,  growth,  and  heating  pattern  of  the  blast,  not  simply  from 
its  location.  The  same  solution  for  these  effects  as  for  texture 
does  not  seem  possible.  It  does  appear  that  a technique  that 
utilizes  a real-time  data  base  manipulation  technique  such  as  that 
described  by  Lewandowski  (op.  cit.)  may  provide  these  effects. 

The  technique  in  its  simplest  implementation  is  a large  num- 
ber of  representations  of  the  burst.  Each  would  be  the  image  of 
the  burst  at  one  time  in  its  growth  and  decay.  These  would  be 
stored  in  the  image  processor  control  computer  and  transferred  to 
the  image  processor  active  data  base  at  some  predetermined  inter- 
val of  time.  (Some  present  implementations  use  a 5 or  6-frame 
time  interval.) 

The  patterns  can  be  grown  off-line  with  a pseudorandom  growth 
algorithm  or,  in  a more  sophisticated  technique,  could  be  randomly 
grown  in  real  time.  The  latter  may  be  preferable  for  the  slow- 
growth  long-period  bursts,  such  as  large  explosions. 

5.1.5.3.10  Summary 

The  current  CIG  systems  can  be  considered  second  generation, 
the  first  generation  being  the  CIG  test  and  evaluation  devices 
that  had  little  training  value.  There  was  in  fact  a great  tech- 
nical step  between  these  two  generations  Early  CIG's  had  perhaps 
128  elges  and  no  occulting  while  current  CIG  systems  provide  6000- 
8000  edges  with  at  least  256  levels  of  occulting.  It  should  be 
noted  that  these  latter  devices  are  using  th»  latest  in  digital 
computation  and  storage  technology  and,  as  pointed  out  in  the 
discussion  on  image  processors,  a stable  and  useful  system  design 
common  with  all  manufacturers. 

It  does  not  appear  likely  that  an  imhge  processor  that  de- 
parts radically  from  the  use  of  p]  anar  surfaces  will  be  announced 
within  five  years.  In  fact,  many  of  the  military  research  pro- 
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grsms  that  we re  promoting  and/or  sponsoring  such  programs  as 
edgeless  CIS  have  baa n withdrawn  or  cut  back.  Some  of  this  is 
dqo , no  doubt,  to  fundinq  considerations  but,  to  a greater  extent, 
it'is  because  the  numerous  proposed  computation  systems  are  diffi- 
cult: r it  not  impossible,  to  implement  at  this  time. 


-There  is  no  question  that  there  is,  or  will  be  shortly,  a 
2-1/2  generation  of  CQI.  The  basic  imsgs  processor  philosophy 
Will  remain  the  aame  but  distributed  processing  may  reduce  the 
colt  while  increasing  planar  surface  computation  by  a factor  of  2 
-to  4.  In  addition,  the  retrieval  of  scene  data  will  be  improved 
.to  better  populate  the  scene  being  presented  while  increasing 
wnpunte  of  postprocessing  of  imagory  will  be  implemented  to  pro- 
vidf  a large  class  of  scene  improvements  (texture,  translucent 
obifjjfce,  etc. ) . 


5.1. 5.4  Digital  Radar  Landmaee  Simulation 

It  *ould  be  highly  desirable  if,  as  in  the  cese  of  IR  tensor 
sqtnt  gsnsrstion,  e channel  of  a digital  visual  system  could  be 
modified  to  generate  the  digital  radar  scent.  As  diacusssd  pre- 
viously, the  planar  approach  to  visual  scene  processing  was 
decided  upon  by  all  CIG  manufacturers  in  order  to  make  digital 
processing  possible  (and  practical).  It  also  followed  that  ths 
planar  eegmenta  are  also  the  most  compact  digital  description  of 
the  terrain. 


Early  in  the  development  of  DRUIS  radar  landmasa  systems  this 
approach  was  the  subject  of  intensive  investigation  (see  Hearty, 
1972  ) end  several  manufacturers  have  opted  for  this  approach. 

Even  when  planar  deacriptions  of  the  terrain  are  being  used,  the 
hardware  solutions*  to  the  radar  equations  and  the  uoo  of  PPI  dis- 
plays have  made  it  impractical  to  make  any  of  the  DRLMS  systems 
and  data  bases  common  to  the  digital  visual  and  senror  systems. 


Other  manufacturers  have  chosen  to  use  a grid  system  to 
•needs  the  terrain  (see  Hoog  et  al,  1974).  In  this  type  of  system 
the  terrain  is  stored  as  a rectangular  grid  of  elevation  posts. 

The  spacing  of  the  posts  is  chosen  so  that  through  the  use  of  a 
smoothing  algorithm/  a sufficiently  accurate  representation  of  the 
ground  can  be  obtained. 

The  choice  of  either  of  these  two  methods  of  coding  terrain 
determines  the  architecture  of  the  DRLMS  system  and  to  a somewhat 
lesser  extent  the  complexity  of  the  DMA  DDE  to  DRLMS  data  baee 
transformation  program*.  The  latter  is  an  important  consideration 
in  that  extremely  large  real-time  radar  data  bases  are  required 
that  defy  manual  modeling  and  digitizing.  The  effect  of  the 
choice  of  terrain  coding  on  DRLMS  architecture  and  transformation 
will  be  discussed  further. 

The  requirements  of  fidelity  in  the  DRLMS  for  the  engineering 
simulator  differs  in  one  significant  way  from  the  fidelity 
required  of  a tactical  aircraft  simulator.  The  engineering  simu- 
lator DRLMS  must  simulate  extremely  high  resolution  radars 
operating  at  low  altitudes  (as  perhaps  the  tactical  simulator)  but 
does  not  necessarily  have  to  portray  a specific  geographic  area. 
The  data  base  must  contain  sufficiently  high  resolution  data 
coupled  with  a compensation  technique  that  provides  radar  infor- 
mation to  the  pilot  that  does  not  detract  from  his  evaluation 
task. 


With  regard  to  data  compression  the  basic  reasons  for  selec- 
ting a planar  approach  or  a gridded  approach  for  an  operational 
aircraft  DRLMS  are  no  different  than  for  an  engineering  simulator. 

The  planar  approach  minimizes  the  need  for  a large  data  base 
storage  system  and  for  a sophisticated  retrieval  system.  However, 
in  the  engineering  simulator  there  is  no  need  for  large  (world 
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wide)  maheuvering  areas.  Thar*  it,  however,  a r*quir*m*nt  for 
displaying  th*  output  of  extremely  high  resolution  radar*  oper- 
^ . atingr  in  Not  flight.  It  app*ar*  at  thia  time  that  only  a gridd*d 
Approach  to  DRLMS  can  provide  the  neceaaary  high  reaolution. 


5 .1.5. 4.1 


■rain  Representation 


tr '*  . nr* k 


Tht  original  DMA  data  for  ttrrain  la  in  a grid  format.  Thi§ 
'»«#*•  the  transformation  to  a DRLMS  grid  format  straightforward 
Att®  eAVily  understood.  It  is  also  efficient  in  terms  of  trans- 
-l4Jri&*tion  processing  time  sinoe  a one-pass  conversion  routine  can 
b*  u-AAdV  A system  using  planar  representations  must  employ  algo- 
rithms that  create  a mathematical  surface  in  a different  form  than 
.th¥'i‘nput  data,  A mors  important  criterion  that  must  be  met  in 
the*  planar  transformation  process  is  to  generate  a sufficient 
fibber  of  surfaces  to  accurately  portray  th*  scene  while  at  th* 
same  time  not  generating  more  faces  than  can  be  processed  in  the 
Computer,  This  makes  fitting  planar  surfaces  to  a set  of  terrain 
tr  1 complicated,  iterative  process.  There  is  no  question  that 
the  grid  representation  of  terrain  is  not  as  efficient  as  planar 
adding  since  the  adjacent  posts  in  level  terrain  are  redundantly 
Coded.  Therefor*  it  is  a foregone  conclusion  that  more  digital 
storage  (and  subsequent  retrieval  systems)  is  required  for  DRLMS 
systems  employing  equally  spaced  elevation  posts.  To  some  extent 
this  redundancy  tends  to  make  modification  and  updating  of  th* 
elevation  data  base  easier  and  more  direct  since  an  individual 
post  elevation  can  be  changed  to  emphasise  a peak  or  valley, 
whereas  to  accomplish  th*  same  change  a new  planar  face  must  be 
generated  and  all  adjacent  faces  modified  to  fit  th*  new  face. 


5. 1.5. 4. 2 Gridded  Elevation  Interpolation 


It  is  difficult  to  establish  mathematically  what  th*  ideal 
even  grid  spacing  must  be  to  present  to  th*  pilot  a scene  that  can 
be  used  for  training.  The  usual  criterion  is  that  th*  scene  must 
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contain  all  significant  recognizable  terrain  features.  Early 
DRLMS  ayitema  established  that  a completely  realistic  scene  can  be 
generated  with  a grid  spacing  of  six  arc-aec  for  short  ranges  (up 
to  25  nmi).  This  compresses  the  original  DMA  by  a factor  of  one. 
At  long  ranges  (up  to  100  nmi)  a grid  spacing  of  twelve  arc-Bec  is 
satisfactory . This  latter  spacing  compresses  the  original  DMA 
data  by  a factor  of  sixteen. 

In  order  to  present  a continuous  terrain  surface  along  re- 
trieval sweeplines,  intermediate  elevation  values  are  interpolat- 
ed. Many  algorithms  have  been  evaluated  and  scenes  generated  us- 
ing the  various  schemas.  Early  DRLMS  used  a complex  weighted 
parabolic  interpolation  but  more  recently  simple  bilinear  algor- 
ithms have  been  developed  which  also  provide  a radar  presentation 
which  is  free  of  grid  modelina  effects  or  large  planar  segments. 

5. 1.5. 4. 3 Planar  Interpolation 

The  planar  segment  representation  is  an  extremely  compact 
method  of  encoding  terrain  and,  over  a limited  area,  is  capable  of 
describing  the  position,  shape,  and  elevation  of  isolated  ground 
features  much  more  accurately  than  gridded  terrain  data,  with 
gridded  elevation  data  some  prominent  peaks  or  valleys  may  fall 
within  the  grid  and,  without  manual  updating,  could  be  further 
smoothed  during  interpolation.  Howevet,  there  is  an  absolute 
limit  on  the  number  of  faces  that  may  be  used  to  describe  the 
terrain.  At  long  radar  ranges  this  results  in  large  geographic 
sreaa  being  defined  by  a single  plane.  Small  undulations  would 
not  appear  in  the  data  base  at  all. 

The  most  noticeable  problem  is  that  there  are  abrupt  and  un- 
realistic changes  of  radar  return  at  the  large  planar  boundaries. 
These  arc  caused  by  the  abrupt  change  of  aspect  angle,  etc.  A 
smoothing  function,  not  unlike  that  used  for  producing  a rounding 
effect  in  the  visual  scene,  can  be  used  to  minimize  the  edge  out- 
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lining  effect.  The  large  facets  that  show  through  on  the  display 
■r«  mors  difficult  to  conceal.  Without  intermediate  terrain  data 
.to  rtifcr  realistic  contours  the  facets  must  be  populated  with  radar 
.texts?#  in  much  the  same  manner  as  was  discus  ' >d  for  the  CIG 
visual  scene  to  achieve  some  further  degree  of  realism. 


i-;l • V* l.* 4.4  Props ssinu  Architecture 


other  significant  difference  in  the  implementation  of  the 
PVfji**1  gridded  terrain  data  is  in  the  processing  architecture. 

processor  is  a combination  of  dedicated  parallel  and 
pipeline  processors  that  perform  the  necessary  mathematical  oper- 
*n  fSdar  sweep  time.  The  computing  capacity  is  designed  to 
4 "Ptoeess  a maximum  number  of  planar  segments.  As  a practical  mat- 
;,;'SS:r  -the  number  of  planar  segments  is  chosen  on  the  basis  of  an 

’ \V^Vi°ip*ted  average.  This  is  precisely  the  same  limitation  faced 
in  CIO, 


?hi  .'ilfv.it ion'  grid  data  proceaaor  ia  not  designed  to  accommo* 


date  an  average  complexity  but  ie  designed  to  accommodate  the  same 
number  of  elevation  posts  without  regard  to  terrain  form,  it  also 
is  implsmented  as  a pipeline  proceaaor  with  parallel  retrieval. 
Since  it  ia  designed  to  procese  the  maximum  amount  of  data  at  all 
times  it  is  mors  complsx  and  aa  a result  more  expensive  than  the 
planar  processor. 


3,1, S. 4, 5 Reflectance  (Planimetry)  Data 

The  cultural  data  base  represents  a description  of  the  envi- 
ronment (e.g.  water,  deciduous  trees  of  40-ft  height,  steel 
buildings  of  300-ft  in  hsight,  residential  area  of  501  ground 
cover).  All  of  this  data  must  be  etored  in  digital  memory  as  was 
the  oase  with  the  elevation  data.  There  are,  as  was  the  case  with 
elevation  data,  two  methods  of  storing  and  subsequently  processing 
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the  reflectance  data  — a grid  technique  aa  described  before,  and 
• Hat  description. 

The  same  implementation  rationale  presented  for  representing 
elevation  is  valid  for  representing  cultural  data.  However, 

. whereas  the  grid  system  is  particularly  suited  to  storing  and 
presenting  data  which  is  uniformily  distributed  (e.g.,  terrain 
data)  it  ia  not  an  efficient  method  for  storing  cultural  data 
• ; whioh  is  normally  not  uniformly  distributed. 

I.' 

In  early  DRLMS  systems  a grid  system  was  used  but  as  higher 
^resolution  data  became  available  most  manufacturers  have  opted  for 
a list  processor  or  a hybrid  list  and  grid  processor.  Table 
5«1.5,4«5-1  ohows  the  salient  characteristics  of  elevation  and 
cultural  data  base  formats,  and  resolution,  for  several  DRLMS 
i systems  delivered  to  the  Air  Force  end  Navy. 
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Early  analyeia  of  the  DMA  DDB  indicated  that  only  up  to  80 
features  per  nmi  need  be  processed  in  the  DRL24S.  However,  DMA  is 
now  providing  data  bases  with  feature  densities  of  over  250  fea- 
tures pet  nautical  mile  over  extended  areas. 


It  would  appear  at  first  that  with  the  high  density  of  cul- 
tural data  it  would  be  possible  to  use  a grid  approach  for  the 
deeign  of  the  elevation  system  for  the  reasons  stated  previously 
--  simplicity  and  coat.  However,  the  resolution  of  the  cultural 
data  is  about  30  ft.  In  order  to  preserve  the  separation  between 
objects  it  would  be  necessary  to  use  a grid  spacing  2 to  4 times 
finer  than  this  spacing.  This  would  be  impractical  in  terms  of 
both  data  base  storage  and  processing.  DMA  made  the  same  conclu- 
* sion  when  they  established  the  format  for  cultural  data  and  sub- 

sequently coded  the  data  in  a list  format, 
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list  100/200  ft  all ty 


In  the  past,  manufacturers  used  a parallel  cultural  proces- 
sing syatemi  a grid  system  for  coarse  cultural  data,  and  a list 
system  for  fine  or  higher  resolution  data.  This  system  was 
adopted  so  that  when  the  list  processor  became  overloaded  (because 
of  limited  processing  capability)  the  coarse  cultural  data  would 
% continue  to  be  processed  and  presented  on  the  radar  display  with 

some  of  the  high  resolution  data  overlayed  on  a priority  oasis. 

' This  parallel  system  is  an  expensive  method  for  alleviating  the 

overloading  problems,  The  advent  of  faster  processing  integrated 
circuits  and  the  lower  cost  of  high-speed  digital  storage  will 
make  it  possible  to  use  a single  cultural  list  processor  no  matter 
how  dense  DMA  encodes  cultural  data  in  the  future. 

An  added  advantage  accrues  when  using  a single  list  system 
for  the  real-time  DRLMS  data  base  in  that  the  DMA  cultural  data 
base  is  encoded  in  thia  form,  thus  making  computer  transformation 
taaier  and  mora  atra ightforward , 

5. 1.5. 4. 6 Future  DRLMS  Systems 

Tha  DRLMS  systems  have  progressed  in  parallel  with  the  CGI 
■ ystems.  The  first  prototype  systems  were  developed  as  recently 
as  8 years  ago  to  show  that  digital  techniques  could  produce  radar 
displays  useful  for  training.  The  early  systems  used  small  data 
bases  manually  digitized  from  T-1Q  data  or  Air  Force  prediction 
data.  Table  5. 1.5. 4. 6-1  shows  the  progression  in  the  performance 
of  the  systems.  The  B-52  DRLMS  meets  the  performance  specifica- 
tion and  more  than  likely  iB  capable  of  meeting  the  radar  require- 
ments of  the  next  few  years.  It  uses  nearly  all  of  the  resolution 
of  the  DMA  data  base. 

» 

Improvements  in  DRU-1S  are  currently  being  made  to  accommodate 
‘ the  next  generation  of  military  radars.  In  performance  they  will 

eventually  use  the  entire  elevation  and  cultural  contents  of  the 
DMA  data  base  and  use  significantly  more  reflectance  codes.  At 
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that  time  it  will  be  necessary  to  design  a new  data  base  to  sup- 
port radar  of  higher  resolution  and  better  performance.  This  will 
be  a major  undertaking  and  will  not  be  available  during  the 

1980's. 

The  moat  significant  DRLMS  improvements  will  be  in  the  sim- 
plification of  the  hardware  due  to  the  introduction  of  integrated 
circuits  with  better  performance  than  presently  available. 

Further  redesign  should  minimize  the  number  of  cards  and  the 
number  of  types  of  cards,  which  will  reduce  cost  and  make 
production,  test,  and  maintenance  easier. 

5, 1.5. 5 Analog  Radar  Landmass  Simulator  (ARLMS) 

The  existing  FDL  facility  contains  a T-10  Land  ARLMS  system 
of  late  1960  '•  or  early  1970's  vintage.  The  system  consists  of  a 
data  base  stored  on  film  plates  which  are  accessed  using  a FSS. 

Ths  resulting  video  is  processed  by  analog  circuits  which  modify 
the  video  to  be  representative  of  random  radar  return  signals. 

The  film  plates  are  30  in.  by  30  in.  color  transparencies. 
These  tri-color  plates  used  in  ARLMS  for  navigation  and  bombing 
are  described  as  follows! 

Scale  - 1 to  3,000,000 

Coverage  area  - 30  in.  by  30  in.  (1,230  by  1,230  nmi) 
Real-world  coverage  area  - 1.5  million  square  miles 
Encodement  levels  - 392 

Coarss  elsvation  7 levels  - Yellow  - Blue  PMT 
Five  elevation  8 levels  - Cyan  - Rod  PMT 
Cultural  data  7 levels  - Magenta  - Green  PMT 

The  maximum  resolution  of  encoded  data  is  depicted  on  the 
transparencies  at  0.001  in.  DMAAC  magenta  resulting  in  a ground 
resolution  of  250  ft  (often  degraded  to  500  ft  by  film  limita- 
t ions ) . 
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Tri-color  transparencies  were  originally  developed  for  the 
T-10  Radar  Landmaas  Simulator  by  the  Marquart  Corporation,  Pamona, 
CA.  Later  versiona  of  theae  same  transparencies  wore  also  used  by 
the  U.S,  Air  Force  in  F-111A  radar  landmaas  simulators  developed 
by  Link. 


The  transparencies  of  the  East  and  West  Coast  U.S.  were 
developed  and  produced  by  Technicolor  Corporation,  Burbank,  CA, 
between  1963  and  1966.  Between  1967  and  1978  the  U.S.  Air  Force 
Cartographic  Technical  Squadron  (CTS)  located  at  March  AFB,  CA., 
was  responsible  for  production  and  updating  of  fourteen  different 
geographic  areas,  amounting  to  1.5  million  square  miles. 


The  resolution  of  the  encoded  data  on  the  tri-color  transpar- 
encies was  scale-limited  at  250  ft.  If  the  scale  of  the  transpar- 
encies were  1*1,000,000  the  resolution  would  improve  to  83.33  ft, 
and  so  on. 

In  1978  the  CTS  unit  stopped  production  of  t.ri-color  trans- 
parencies after  building  up  an  inventory  of  spares  of  each  area, 
which  are  available  from  U8AF  Defense  Mapping  Agency  Aerospace 
Center,  St.  Louis,  MO.  63118,  ATTN i Mr.  Joseph  Weltig,  or  Mr. 
Richard  Batista. 

The  spot  size  of  the  flying  spot  scanner  was  0.001  in.  Due 
to  retriggering  of  levels  based  on  variation  in  transmission  from 
the  center  to  the  edge  of  this  large  30  in,  by  30  in.  transparency 
a series  of  quantisers  were  used  to  adjust  each  and  every  transpar- 
ency in  the  system.  If  the  geographic  area  plate  was  changed  the 
entire  system  needed  to  be  realigned. 


Figure  5. 1,5. 5-1  shows  how  these  transparencies  were  produced 
up  to  the  stage  of  the  tone  masks  which  were  printed  onto  the 
color  film. 
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Figure  5. 1.5. 5-1  PROCEDURE  TO  PRODUCE  T-10  RECORDS 


a 


In  summary,  if  the  250  ft  resolution  is  suitable,  several 
transparencies  currently  exist  and  are  available  from  DMAAC  as 
previously  mentioned. 


If  resolution  better  than  250  ft  is  required,  the  system  can 
accommodate  scale  modifications  to  1:1,000,000,  which  will  improve 
the  ground  resolution  represented  to  8 3 ft. 

It  would  take  approximately  18  months  to  set  up  and  produce  a 
tri-color  transparency.  Updating  existing  transparencies  could  be 
done  in  approximately  9 months. 

It  is  clear  that  extensive  efforts  will  be  required  if  signi- 
ficantly increased  performance  is  to  be  achieved  in  the  existing 
T-10  ARLMS.  Minor  performance  improvements  can  be  gained  through 
upgrading  the  flying  spot  scanner,  but  these  changes  cannot  bring 
system  performance  beyond  the  limitations  imposed  by  the  film 
plate  8. 

Table  5, 1.5. 5-1  compares  the  performance  of  a digital  system 
with  a T-10  analog  system.  Actual  numbers  of  the  drlms  may  vary 
depending  on  model.  The  performance  of  the  T-10,  of  coursa,  de- 
pends on  age  and  maintenance.  The  table  represents  original  per- 
formance achievable. 
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Table  5. 1.5. 5-1  T-10  ARLMS  VS.  DRLMS  PERFORMANCE 
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SIMULATOR  CAPABILITY 

PERFORMANCE 

PARAMETERS 

ANALOG 

DIGITAL 

Positional  accuracy 

>1000  ft 

290  ft 

Resolution 

900 

<290  ft 

Poa  drift 

7 

Nona 

O'sVa  base  change  tlaa 

>1  hr  (need 
recal Ibratlon) 

<9  eln 

1290  by  1290  net 

Uni 1 silted 

Retrieval  errors  8 SO  nnl 

ft>4  nel 

0.1| 

Cultural  levels 

7 

16 

Elevation  range 

Set  Level 

12,800  ft 

-2,000  ft 

30,000  ft 

Elevation  steps 

96 

>4 ,006 

Elevation  step  resolution 

100  ft  eln  - 
1,000  ft.  eax 

2 ft 

Oats  base  update  on-slta 

No 

Yaa 

Oste  beta  qval Ity 

Not  representative 

Bast  available 

If  DMAAC  used 

Future  and  advanced 

date  bases 

Nona 

As  available 
fro*  DMAAC 

((•■elution  expansion 
possible  to  100  ft 

Resolution  end  feature 
quality  expansion  39  ft 

Filial  Ity  of  aapaet 

Fidel Ity  of  low- 1 aval 
praaantatlon 

Fidel Ity  of  shadow 

Fidelity  of  slant  range 

Fidelity  of  aileuth 


7 

Good 

Inadequate 


Excel lent 
Excel  lent 

Excel  lent 
Excel  lent 
Real  latte 


table  5. 1.5. 5-1  T-l 0 ARLMS  VS.  DRLMS  PERFORMANCE  (Cont'd) 


PERFORMANCE 

SIMULATOR 

CAPABILITY 

PARAMETERS 

ANALOG 

DIGITAL 

Fidelity  of  vert  1 ca 1 
antenna 

Oood 

Exoel lent 

Fidel Ity  of  pulse 
atretchlng 

None 

Exce 1 1 ent 

Target! 

None 

Yes 

Beacons 

None 

Yes 

f 

Yes 

Fidel Ity  of  eeather 

t 

Excel  1 ent 

T 

50K  nml2  ar 

Weather  levels 

7 

7 

structure 

Expandable  tor 

7 

Uni  halted 

Air  tgt  occult 

T 

Yes 

Jsnaier  occult 

T 

Yes 

Longer  ranges 

7 

Yea 

Wor 1 dwlde  f 1 1 ght 

T 

Yes 

Seasonal  effects 

7 

Excel  lent 

Extensive  dlagnoatlea 

7 

A 1 1 

Coeaonallty  xlth  8-52/ 
C-150 

7 

90S 

1 nterf aeo 

? 

Computer  to 
computer 

Interface  to  Indicator 


T 


Video 


5.2  DISPLAY  CONSIDERATIONS 


5.2.1  Head-Up  Display  Considerations 

The  use  of  HUD  to  present  sensor  information  to  pilots  is 
becoming  an  increasingly  common  practice.  In  this  situation 
imagery  obtained  by  LLLTV  or  FLIR  is  displayed  .on  a CRT  unit.  The 
image  is  then  relayed  through  a collimating  lens  and  is  presented 
to  the  pilot  via  a beamsplitting  combining  glass.  The  pilot  views 
the  resulting  imagery,  apparently  at  infinity,  superimposed  upon 
the  out-the-window  scene. 

Incorporation  of  such  a system  presents  some  unique  problems 
in  a flight  simulator,  the  nature  of  which  will  be  discussed  in 
the  following  paragraphs. 

5 . 2 . 1 . 1 Integration  of  HUD  and  External  Displays 

The  integration  of  the  HUD  with  the  out-the-window  scenes  can 
pose  problems  depending  upon  the  methodology  chosen  for  the  dis- 
play of  the  external  or  out-the-window  scenes. 

Two  of  the  most  popular  current  methods  of  furnishing  exter- 
nal visual  displays  are  curved  screens  or  dome  systems,  and  mirror 
and  beamsplitter  collimating  systems. 

Screen  systems  are  not  truly  collimated,  but  rely  on  using 
radii  of  curvature  and  image  distances  sufficiently  large  so  that 
parallax  errors  due  to  pilot  head  motion  are  small.  However,  the 
HUD  (usually  the  actual  aircraft  hardware)  is  truly  collimated  at 
infinity  and  hence  anomalies  are  noticed  with  pilot  head  motion, 
perceived  as  relative  motion  between  the  HUD  and  external  imagery, 
which  can  be  crucial  in  weapons  delivery  missions. 
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The  solution  to  this  problem  can  be  found  in  modifying  the 
HUD  optics  to  image  the  HUD  at  the  same  distance  as  the  screen. 
Such  modifications  can  be  simple  for  single  glass  systems  in  that 
the  HUD  can  be  modified  to  refocus  the  displayed  HUD  image  at  the 
screen  distance,  either  by  simple  change  to  the  collimating  optics 
or  internal  adjustment  of  the  image  display  CRT  unit  in  the  HUD. 

In  some  cases  dual  combining  beamsplitters  are  used  in  order 
to  expand  the  head  motion  envelope  over  which  the  HUD  imagery  can 
be  viewed*  This  case  is  somewhat  more  complex,  since  refocusing 
can  lead  to  double  imaging  in  the  zone  of  overlap  between  the 
beam  splitters.  In  general,  the  range  of  brightness  available 
from  HUD  units  is  more  than  adequate  compared  to  the  levels 
achievable  from  the  out- the -window  scenes.  This  permits  coating 
of  the  combined  glasses  to  reduce  the  double  imagery  to  negligible 
proportions. 

When  mirror  and  beamsplitter  systems  are  used  to  yield  fully 
collimated  out-the-window  scenes  one  can  only  generalize  as  to  the 
compatibility  problems  posed  by  the  HUD  system  due  to  the  wide 
variety  of  possible  external  display  configurations.  The  out-the- 
window  imagery  is  usually  collimated  at  33  ft  (0.1  diopters)  as  a 
minimum,  but  in  practice  the  center  of  the  field  near  the  HUD  axis 
is  typically  collimated  at  60  ft;  hence  problems  are  rarely  en- 
countered in  optical  compatibility  between  the  HUD  and  the  out- 
the-window  scenes.  The  most  common  difficulties  encountered  are 
mechanical  interference  and  ghost  images  formed  by  spurious 
reflections  of  the  HUD  image  from  the  external  display  optical 
components. 

These  problems  can  be  minimized  by  judicous  selection  and 
placement  of  the  external  display  systems. 
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In  cases  in  which  HUD  sensor  information  is  displayed  in 
conjunction  with  out-the-window  images  perhaps  the  most  obvious 
solution  is  to  display  the  normal  scenery  in  the  out-the-window 
displays*  The  HUD  imagery  is  then  separately  generated  and 
superimposed  optically  as  in  the  actual  aircraft. 

An  alternate  possibility  is  to  use  a dummy  HUD  Bystem*  in 
order  to  preserve  the  cockpit  configuration*  but  present  an  inte- 
grated composite  sensor  and  out-the-window  scene  in  the  external 
displays*  The  generation  of  such  imagery  presents  difficulties  in 
CMS's  and  other  systems  but  is  a possibility  in  the  case  of  CIG. 


I. 
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Conceptually  the  CIG  system  could  process  both  the  normal  and 
sensor  image  picture  element  by  picture  element  and  within  the  FOV 
of  the  sensor  system  display  that  element  with  the  higher  bright- 
ness. Such  an  implementation  will  require  that  the  HUD  image 
brightness  controls  be  supplied  to  the  CIG  so  the  pilot  can 
influence  the  sensor  display  imagery  brightness  levels  in  the  same 
manner  as  in  the  real  world.  The  question  of  the  cost  effective- 
ness of  such  an  approach  is  outside  the  scope  of  this  study*  but 
the  technical  capability  is  evident  within  the  state  of  the  art. 


5.3.  VIDEO  PROCESSING 


5.3.1.  Scan  Converter 


A scan  converter  will  probably  be  a necessary  item  in  the 
simulated  sensor  system.  Multiple  video  sources  will  be  avail- 
able* such  as  from  a CMS*  a CIG*  a radar  landmass  simulator  and 
probably  various  symbol  generators.  If  these  systems  are  oper- 
ating at  various  scan  rates  and  if  a common  display  device,  such 
as  a multifunction  display  (MFD)  is  to  be  used*  which  operates  at 
some  fixed  scan  rate*  then  a scan  conversion  has  to  take  place. 
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An  analog  scan  converter  (CRT  and  camera)  or  a DSC  (read  and  write 
memory)  could  be  used  in  this  application.  However#  the  radar 
simulation  presents  another  problem.  If  the  radar  video  is  gener- 
ated in  a fixed  format#  such  as  a ppi  scan#  and  if  other  formats 
such  as  beta  scan  or  spotlight  modes  are  desired#  then  the  DSC  has 
to  be  used.  Coordinate  transformations  are  achieved  with  various 
reading  and  writing  schemes  of  the  digital  memory.  For  long  term 
applications  with  maximum  versatility,  the  DSC  is  the  best  choice. 
Reliability#  stability#  and  the  relative  ease  of  implementing 
future  modifications  make  it  more  attractive#  in  spite  of  the 
higher  initial  cost#  than  CRT  analog  converters.  Some  of  the  com- 
panies which -manufacture  DSC's  are  Sperry  Flight  Systems  (Phoenix, 
AR),  Hughes  Aircraft  Company  (Culver  City#  CA#  Cardion  Electronics 
(Woodbury#  NY),  and  Interand  Corporation  (Chicago#  IL).  Figure 
5.3*lrl  shows  a general  block  diagram  of  a typical  system  applica- 
tion of  a DSC. 
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5.3.2  Special  Video  Effects 


The  following  special  video  effects  can  be  considered  for  sen- 
sor simulation  purposes.  Some  of  these  controls  may  be  available 
in  present  or  future  flight  systems  while  others  may  be  useful  for 
evaluation.  They  may  be  implemented  by  addi  >g  them  to  a DSC  as 
illustrated  in  Figure  5. 3. 2-1  or  they  could  possibly  be  added  to 
some  of  the  video  generating  systems  such  as  the  CIG.  The  special 
effects  aret 

1)  Gain/polarity  control  - A gain  factor  of  zero  to  two# 
either  continuous  or  in  sixteen  step  increments#  would 
probably  be  adequate.  This  could  be  used  to  simulate 
sensor  signals  under  less  than  ideal  conditions  and 
could  be  controlled  by  the  instructor  or  software.  A 
video  polarity  reverse  can  also  be  incorporated  with  the 
operator  having  control.  This  feature  could  improve 
display  discernment  under  certain  circumstances. 


2)  Noise  generation  - Under  various  conditions,  the  intro- 
duction of  random  noise,  may  be  desired  for  the  more 
realistic  simulation  of  a sensor  display.  A variable 
level  of  noise,  from  zero  to  peak  white,  could  be 
instructor  or  software  controlled. 

3)  Thresholding  - A variable  threshold  level  could  be  set 
by  the  operator  whereby  only  video  levels  above  the 
threshold  level  would  be  displayed.  A second  mode  could 
also  be  available  with  only  video  levels  below  the 
threshold  level  displayed.  This  feature  could  remove 
some  of  the  display  video  which  may  not  be  of  interest. 

4)  Scene  Modulation  Sampling  - Areas  of  a sensor  display 
could  be  sampled  to  detect  the  amount  of  video  modu- 
lation. If  an  area  had  low  modulation  (e.g.,  variation 
of  scenic  detail),  it  could  be  deleted.  This  feature 
would  probably  be  used  most  often  with  simultaneous 
sensor  presentations,  where  the  video  from  another 
sensor  could  be  automatically  substituted  in  the  low 
modulated  areas  of  the  primary  video  which  was  deleted. 

5)  Edge  Enhancement  - The  edges  of  an  object  could  be 
sensed  and  made  brighter  in  order  to  make  the  edges  or 
the  object  more  apparent.  The  object  with  the  enhanced 
edges  could  be  displayed  in  one  mode  or  the  object  could 
be  deleted  and  only  the  edges  displayed  in  an  outline 
only  mode.  The  intensity  of  the  outline  could  be  made 
variable  with  control  by  the  operator.  Edge  enhancement 

i 

techniques  could  improve  object  recognition  or  detec- 
tion. 

6)  Level/Density  Slicing  - The  number  of  grey  levels  be- 
tween black  and  peak  white  can  be  reduced  in  order  to 
make  certain  areas  with  many  gradual  changes  in  density 
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more  apparent.  This  could  possibly  enhance  certain 
rJinplay  features.  For  example,  if  a system  contained 
‘Ar>b  grey  levels,  they  could  be  reduced  by  a factor  of 
eight  thus  making  only  32  density  levels  available 
instead  of  256.  Another  mode  of  operation  could  limit 
three  different  video  levels  at  predetermined  thresholds 
between  minimum  and  maximum  brightness  levels,  video 
levels  falling  within  each  of  these  intensity  areas 
could  be  displayed  in  a different  color,  resulting  in  a 
pseudo  color  display.  The  lower  slice  could  be  blue, 
the  middle  slice  could  be  green,  and  the  upper  slice 
could  be  red.  This  would  probably  be  useful  for 
infrared  presentations. 

5.3.3  Simultaneous  Display 

Past  studies  have  indicated  that  it  may  be  beneficial  to  view 
more  than  one  sensor  video  source  on  a single  cockpit  display  at 

one  time.  Simulated  sensors  such  as  radar,  IR,  and  TV,  along  with 

stored  data  such  as  cartography  and  symbol  generator  video,  are 
typical  data  sources  to  consider.  A possible  method  of  implement- 
ing such  a task  is  to  select  one  of  the  video  sources  and  estab- 
lish it  as  primary  video  and  select  a second  source  and  establish 
it  as  secondary  video.  The  secondary  video  would  have  to  be  pro- 
cessed, if  necessary,  to  match  the  format,  line  rate,  field  of 
view,  etc.,  of  the  primary  video  and  then  mixed  in  such  a manner 
that  it  would  complement  the  primary  video  scene.  The  final  scene 
could  also  include  symbol  generator  data.  A method  could  be  avail- 
able to  drive  either  a monochrome  or  color  display  with  a pseudo 

color  scheme.  Two  DSC's  would  be  an  integral  part  of  a simultane- 

ous sensor  display  system.  A DSC  might  already  be  available  in  a 
regular  simulated  sensor  display  system  while  a second  DSC  would 
have  to  be  added  for  the  simultaneous  system.  This  additional  DSC 
would  contain  a transformation  module  which  would  be  necessary  if 
sensors  with  different  formats  were  to  be  superimposed.  Radar 


i 


185 


V V-..- 


M 

Yj 

r J 


'if 

v 

■A 


i 

I 


video  for  example  is  normally  presented  as  azimuth  versus  range, 
while  TV  and  IR  video  is  presented  as  azimuth  versus  elevation. 
Compensation  for  any  other  anomalies,  such  as  line  rates  and  FOV's 
could  also  be  accomplished  with  the  scan  converters. 

Figure  5. 3. 3-1  illustrates  the  manner  in  which  a monochro- 
matic or  black  and  white  simultaneous  simulated  sensor  display  sys 
tern  could  be  implemented.  Figure  5. 3. 3-2  illustrates  a pseudo 
color  system. 

Four  examples  of  possible  combinations  for  simultaneous 
display  are i 


Primary  Source 


1)  Radar  (RLMS ) 

2)  Radar  (RLMS) 

3)  IR  (CZG) 

4)  TV  (CMS) 


Secondary  Source 


Stored  Cartography  (Image 
Symbol  Generator) 

IR  (CIG) 

TV  (CMS) 

IR  (CIG) 


In  addition  to  the  combined  video  sources,  symbol  generator 
video  can  also  be  added.  In  a monochrome  or  black  and  white 
system,  symbols  could  be  slightly  brighter  than  normal  peak  white 
video,  or  they  could  have  a black  outline,  which  would  make  them 
more  distinguishable  if  they  were  presented  against  a white  back- 
ground, The  inputs  of  the  final  summing  amplifier  could  be  easily 
adjusted  with  the  proper  gain.  The  selection  of  the  desired  input 
video  sources  could  be  either  manually  or  automatically  control- 
led. The  coordinate  transformation  would  also  be  controlled  de- 
pending on  which  sources  were  selected.  In  a monochrome  system, 
the  gain  of  the  secondary  channel  could  be  slightly  less  than  the 
primary  channel.  This  might  give  a less  cluttered  appearance  to 
the  display  and  would  let  the  secondary  serve  more  as  a background 
reference.  The  proper  gain  ratio  could  be  set  in  the  initial  sum- 
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ming  amp.  In  the  color  system,  a suitable  presentation  could  be 
achieved  by  making  the  primary  source  green  and  the  secondary 
source  blue.  When  IR  is  used  as  a secondary  source,  only  hot- 
spots could  be  limited  at  a predetermined  threshold  by  DSC  video 
processing  circuits  and  added  to  the  scene.  If  only  IR  hot-spots 
were  displayed  in  the  color  system,  they  could  be  presented  in 
red.  White  symbol  generator  data  would  probably  be  satisfactory 
even  in  the  color  system;  however,  if  color  symbols  were  desired, 
they  could  easily  be  brought  in  separately  to  the  final  mixers  and 
appropriately  keyed.  The  monochrome  and  color  systems  could  eas- 
ily be  combined  if  desired  since  the  requirements  up  to  the  out- 
puts of  the  DSC's  are  identical. 

5.3.4  Simulating  Sensors  with  Video  Processing 

A Visual  Sensor  Simulator  (see  McCormick,  W.  et  al,  1978)  was 
developed  as  an  economical  method  for  solving  the  problem  of  simu- 
3 a ting  airborne  visual  sensors  for  pilot  testing.  The  system  was 
designed  to  present  representative  imagery  and  not  actual  target 
signatures,  but  it  has  to  be  fully  acceptable  to  the  pilot.  A 
general ized#  approach  to  this  sensor  simulation  has  as  its  pr  imary 
electrical  signal  input  a TV  vidicon  that  is  responding  to  a vis- 
ual scene  generated  either  from  a terrain  modelboard,  a motion 
picture,  or  a video  tape  recording, 

The  sensors  considered  were  the  FLIR,  FLR,  LLLTV,  and  SAR. 

For  realistic  simulation  the  elements  of  scene  definition,  atmos- 
pheric effects,  and  specific  sensor  characteristics  must  be 
closely  approximated.  Scene  definition  includes  resolution, 
reflectivity  emissivity,  thermal  inertia,  and  contrast.  Atmos- 
pheric effects  include  all  noise  and  spectral  dependent  attenua- 
tion effects.  SNR,  modulation  transfer  function,  and  signal 


i compression  are  included  in  specific  sensor  characteristics. 


The  primary  analog  sensor  simulator  input  is  generated  in  all 
cases  from  a TV  vidicon;  therefore,  it  is  restricted  to  target  re- 
flectivity properties.  A correlation  must  be  made  between  the 
reflectivity  and  those  target  properties  relevant  to  the  particu- 
lar sensor.  Processing  the  vidicon  signal  which  is  assumed  to  be 
noise  free  is  generally  accomplished  by  the  addition  of  noise  to 
the  signal,  and  by  edge  enhancement  of  the  target  to  simulate  hot 
spots  as  in  FLIR,  and  Bpecular  returns  as  in  FLR  and  SAR  coherent 
radars.  The  processing  continues  with  the  simulation  of  the 
linear  transfer  function  followed  by  a zero  memory  nonlinearity 
( ZMN)  designed  to  simulate  signal  blooming,  gray-level  compression 
and  target  reflectivity,  and  emissivity  effects. 

In  the  FLIR  simulation,  complexity  occurs  in  the  accurate 
modeling  of  the  scene's  thermal  emissivity.  For  accuracy  in  the 
simulation,  visual  reflectivity  must  relate  to  infrared  emissivity 
and  also  account  for  the  thermal  inertia  effects.  The  reflectiv- 
ity and  emissivity  sum  to  unity,  but  the  visual  and  IR  wave- 
lengths are  different.  Thus,  in  the  FLIR  sensor,  this 
relationship  is  not  accurate;  however,  it  gives  insights  into  such 
a relationship.  The  indication  is  that  bright  TV  areas  will 
generally  be  dark  IR  areas.  The  simulation  is  done  to  reflect 
this  principle  and  there  is  no  fast  relationship  between  reflec- 
tivity and  emissivity.  The  thermal  inertia  effects  are  also  not 
taken  into  consideration. 

In  the  simulation  for  LLLTV  sensors,  the  sensor  responds  to 
the  same  reflectivity  as  the  vidicon.  Thus,  no  distinction  needs 
to  be  made  between  the  target  and  the  background  during  proces- 
sing. A delay  circuit  is  inserted  after  the  modulation  transfer 
function  to  provide  for  image  lag  effects  and  the  final  stage  ZMN 
could  be  adjusted  for  signal  blooming. 

In  FLR  sensor,  the  ideal  system  would  be  a polar  coordinate- 
based  system,  since  it  is  desirable  to  display  range  and  azimuth 
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directions  of  the  target.  The  system  described  is  unable  to 
convert  from  the  raster  scan  (rectangular  coordinate)  system  to 
''""-the  PPI  (polar  coordinate)  system.  It  is  assumed  that  slant  range 
would  be  uniform  over  the  area  of  usage  of  thiB  particular  system; 
therefore/  the  coordinate  problems  would  not  be  significant  and 
the  rectangular  scanned  CRT  would  be  acceptable. 

1 'u’  . 

The  SAR  sensor  was  not  included  in  the  final  system  implemen- 
tation. It  could  probably  be  implemented/  however/  by  simulating 
the  microwave  scene  reflectivity  with  dedicated  target  and  back- 
ground  ZMN's.  Edge  enhancers  would  simulate  the  specular  nature 
Of. the  scene  and  the  overall  effects  of  shadowing. 

The  system  described  above  was  said  to  be  acceptable  to  the 
pilots  and  because  of  its  analog  implementation  there  was  scope 
for  the  development  of  additional  capabilities.  The  system/  how- 
ever/ suffers  from  some  major  drawbacks.  The  system  was  designed 
to  present  representative  imagery  and  not  actual  target  signa- 
j • turea.  The  design  study  was  based  on  various  target  signature 
data  but  the  correlation  of  sensor  return  for  comparison  with 
target  signatures  was  not  Included.  In  the  FLIR  simulation  there 
was  no  fast  relationship  between  visual  reflectivity  and  infrared 
I v*  emissivity;  therefore/  the  sensor  is  subject  to  errors.  In  the 
FLR  sensors  the  problem  of  range  was  deemed  insignificant  and 
therefore  left  unsolved.  With  these  drawbacks  noted  the  system 
needs  additional  study  to  make  it  fully  acceptable  for  advanced 
simulation  of  these  sensors. 

5.4  VIDEO  SWITCHING 

f 

Active  solid  state  video  switching  can  be  accomplished  by 
basic  off-the-shelf  switching  units  which  are  available  from 
several  vendors  such  as  Dynair  Electronics/  Incorporated  (San 
Diego/  CA),  and  Dynasciences  (Blue  Bell,  PA).  These  switching 
systems  are  generally  expandable  by  simply  plugging  in  additional 


190 


modules.  A typical  switching  requirement  would  be  to  switch  one 
of  several  different  video  sources,  such  as  a FLIR  or  TV  system  or 
an  alphanumeric  qenerator,  to  a particular  output,  such  as  a dedi- 
cated line  or  a multifunction  display.  This  type  of  application 
is  shown  in  Figure  5.4-1A.  A further  expansion  of  this  type  of 
system  application  is  shown  in  Figure  5.4-1B. 

Figure  5.4-1A  can  be  considered  3 by  1 switching  matrix.  Any 
of  the  three  inputs  can  be  placed  on  the  output  with  the  appro- 
priate control  input.  Figure  5.4-1B  can  be  considered  a 6 by  2 
matrix.  Any  of  the  six  different  inputs  can  be  placed  on  either 
of  two  outputs.  As  an  example,  a Dynair  switching  unit  can 
accommodate  up  to  two  6 by  5 switching  matrices  by  plugging  in  the 
full  complement  of  switches  (12)  and  output  amplifier  modules 
(10). 

A dual  6 by  5 matrix  can  be  represented  by  the  illustration 
in  Figure  5.4-2A.  By  interconnecting  the  switching  unit  as  shown 
in  Figure  5.4-2B,  an  11  by  9 matrix  can  be  created.  It  becomes 
apparent  that  various  switching  possibilities  can  be  created  by 
various  configurations  of  the  switching  units.  The  control  inputs 
can  be  driven  from  switches  or  can  be  computer  (logic)  controlled. 
Switching  unit  bandwidths  from  various  manufacturers  are  typically 
in  the  20-30  MHz  range  with  switching  speeds  of  about  5fisec. 

5,5  VIDEO  INSETTING 

Electronic  methods  for  insetting  one  TV  image  into  a second 
TV  image  have  been  known  since  the  early  days  of  commercial  tele- 
vision. Also  known  as  a special  effects  system,  this  method 
switches  two  synchronized  video  signals  so  that  a portion  of  one 
signal  appears  as  an  inset  into  the  other.  The  switching  signal 
that  causes  this  inset  may  be  derived  either  from  externally 
generated  electronic  waveforms  or  from  the  amplified  and  clipped 
output  of  a video  signal. 
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Figure  5.4-1  SYSTEM  APPLICATION  FOR  VIDEO  SWITCHING 
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Figure  5.4-2  SWITCHING  MATRICES 


Video  insetting  is  the  technique  of  presenting  video  from  two 
different  sources  on  the  same  TV  raster.  Each  video  is  mutually 
exclusive  of  the  other , i.e,,  only  one  is  displayed  at  a time,  and 
the  area  of  the  TV  raster  covered  by  each  video  may  be  variable. 


Simple  video  insetting  could  take  the  form  of  a split  screen 
(one  video  source  on  the  left  of  the  TV,  another  on  the  right). 
This  is  not  really  insetting,  but  the  technique  is  the  same.  Two 
videos  are  essentially  put  through  a SPDT  switch,  with  the  switch 
position  determining  which  video  is  passed.  If  an  electronic 
switch  is  used,  the  timing  of  the  switch  position  signal  will  de- 
termine which  video  is  presented  where  on  the  final  TV  picture. 
f To  be  effective,  the  switching  between  video  should  occur  at  fast 

rates,  typically  within  a fast  sweep  resolution  element.  The  fol- 
lowing are  types  of  hardware  which  can  be  used. 
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Field  Effect  Transistor  (FET)  Switches  (Figure  5.5-1)  - 
Only  one  FET  is  on  at  a time,  passing  only  one  video. 

It  suffers  from  relatively  slow  speed  (approximately  150 
ns)  and  feed-through  caused  by  the  FET  capacitance. 

Dual  Video  Amplifier  (Motorola  MC1545)  (Figure  5.5-2)  - 
The  MC1545  video  amplifier  has  two  inputs  but  only  one 
output.  The  two  inputs  are  modulated  by  a gate  input 
arranged  so  that  when  the  gate  is  at  -1-1.4  V,  input  A has 
full  gain  while  input  B has  zero  gain.  When  the  gate  is 
at  0 V,  the  opposite  is  true  - full  gain  on  B,  zero  gain 
on  A*  Halfway  between  0 and  1.4  V,  both  videos  have  the 
same  gain.  The  inputs  are  summed  internal  to  the 
MC1545.  The  resultant  output  is  them 

(Video  A)  x Gain  + 

1 . 4 

(Video  B)  x Gain  (A.t.l .V..,. 

1.4 

If  the  gate  voltage  swings  from  0 to  1.4  V (or  vice 
versa)  the  MC1545  will  act  as  a switch.  Switching  time 
is  approximately  10-15  ns. 


Figure  5.5-1  fet  video  switch 


GATE  INPUT 


MIXED  VIDEO  OUTPUT 


Figure  5.5-2  DUAL  VIDEO  AMPLIFIER  SWITCH 
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3)  Trans istor-Diode  Gate  (Figure  5.5-3)  - A transistor  and 
diode  circuit  can  also  be  used  to  gate  the  video.  If 
Gate  A is  held  at  ground  potential , the  video  from  emit- 
ter follower  Ql  will  pass  through  CR1  and  CR2  to  the 
summing  point*  If  Gate  B is  at  B+,  the  diodes  CR3  and 
CR4  will  be  turned  off,  inhibiting  video  B.  For  Gate  B 
at  ground  and  Gate  A at  B+,  the  opposite  is  true.  With 
this  circuit  if  both  gates  are  at  ground  at  the  same 
time,  the  output  will  be  the  summed  video  rather  than 
inset  video.  By  a judicious  choice  of  components  and 
driving  signals,  switching  can  be  accomplished  again  in 
approximately  10-15  nsec. 

4)  Chroma-Key  Insert  (Figure  5.5-4)  - The  previous  dis- 
cussion was  centered  around  the  insertion  of  one  mono- 
chrome video  signal  into  another.  Chroma-keying  is 
another  way  of  electronically  inserting  a scene  taken 
against  a neutral  background  into  a separately  generated 
background  scene.  The  scene  to  be  televised  is  arranged 
against  a background  which  is  painted  in  a saturated 
color  that  is  absent  from  the  scene  itself.  The  scene 
is  viewed  by  a television  camera,  whose  output  signal  is 
fed  to  a circuit  which  derives  a binary  switching  signal 
whose  levels  correspond  respectively  to  the  scene  and 
the  background,  A second  signal  source  provides  the 
background  signal  that  is  to  substitute  the  flat-color 
background  of  the  primary  scene.  The  signals  of  both 
sources  are  then  fed  to  an  electronic  switch  circuit 
which  must  continuously  decide  whether  the  input  signal 
corresponds  to  the  background  or  to  the  scene.  This 
requires  the  availability  of  a signal  which  must  exceed 
a certain  threshold  during  the  scanning  of  the  back- 
ground but  remain  below  this  threshold  during  scanning 
of  the  scene.  It  is  customary,  although  not  necessary, 
to  employ  a saturated  blue  background  because  this  color 
can  be  relatively  easily  avoided  in  the  scene  proper. 
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Figure  5.5-3  TRANSISTOR  DIODE  SWITCH 


5.6  EXAMPLES  OF  SENSOR  SYSTEM  SIMULATION 


Inscription  of  simulation  methodology  of  a couple  of  sensor 
systems  will  shed  light  on  the  methodology  of  sensor  system  simu- 
lation and  integration  into  visual  systems.  The  LANTIRN  simula- 
tion at  the  Cruise  Station  Design  Facility  (CSDF)  and  the  B-52 
electro-optical  viewing  system  (EVS)  simulation  are  chosen  as 
typical  examples. 

5.6.1  LANTIRN  Mission  Simulation 

The  LANTIRN  simulation  at  CSDF  consists  of  four  major 
building  blocks » 

1)  The  A-10  simulator  - provides  a simulated  aircraft  base 
for  the  LANTIRN  Pod. 

2)  The  FDF/11/34  Vector  General  Symbol  generator  - provides 
LANTIRN  HUD  symbology  foi  -he  visual  display. 

3)  SMK-23  - provides  simulatev  IR  video  for  the  visual 
display. 

4)  Visual  display  - reflects  the  output  of  the  LANTIRN  Pod. 

The  out-the-window  display  representing  the  LANTIRN  pod 
output  is  a WAC  window.  Basically  a WAC  window  consists  of  three 
parts  — a curved  mirror,  a beamsplitter,  and  a CRT  (see  Figure 
5. 6. 1-1).  The  imagery  on  the  CRT  is  direct  to  the  mirror  via  beam- 
splitter. The  imagery  reflects  back  to  the  pilot  (this  gives  the 
apparent  "infinity  focus"  to  the  eye). 

Since  the  LANTIRN  display  is  30°  wide  the  CRT  raster  is 
compressed  to  give  a 30°  picture  to  the  pilot. 

FLIR  Imagery  is  simulated  by  using  a SMK-23  earner*  model 
system.  The  video  is  inverted  and  reflective  paints  are  used  for 
signatures.  A zoom  lens  on  the  probe  permits  an  easy  change  from 


a normal  60°  field  of  view  to  the  the  requested  30°.  Since  the 
initial  simulated  FLIR  picture  is  good,  the  output  is  degraded  by 
adding  electronically  generated  "true"  fog  (this  takes  into  ac- 
count visibility  curves,  altitude,  pitch,  bank,  fog  density  and 
ceiling,  thus  coming  up  with  a fair  representation  of  the  actual 
aircraft  FLIR. 

The  HUD  symbology  is  all  created  by  the  Vector  General  in 
stroke  form.  The  output  is  then  scan  converted  (by  means  of  a 
camera  looking  at  a stroke  monitor)  to  1023-line  video  and  mixed 
with  the  FLIR  video  before  it  goes  to  the  display  CRT. 

The  airspeed,  heading,  pitch  bar,  and  velocity  vector  symbols 
are  driven  directly  by  the  aircraft  parameter  taken  from  the  MK-I. 
The  maverick  target,  radar  altitude,  heading  bug,  TF  command,  and 
heading  command  symbols  are  driven  by  a combination  of  aircraft 
inputs  and  equations  contained  in  the  PDP-11/34,  which  also  con- 
tains an  array  of  points  representing  the  topography  on  the  SMK-23 
belts  from  which  radar  altitude  and  T/F  commands  compute. 

As  can  be  noted  in  Figure  5. 6. 1-2,  the  LANTIRN  simulation 
is  used  as  part  of  a full  mission  simulation;  by  adding  to  the 
LANTIRN  synthetic  voice  warning  inserted  into  the  audio  channel, 
RHAWS  video  is  created  by  the  Vector  General  and  displayed  on  a 
cockpit  scope  and  maverick  video  created  by  a duplicate  SMK-23  and 
displayed  on  a cockpit  monitor.  The  audio  warning  and  RHAWS  video 
are  matched  to  threats  (hard  targets)  placed  at  specific  points  on 
the  visual  scene.  The  audio  and  RHAWS  video  warnings  are  computer 
controlled  and  take  into  account  occulting,  altitude,  and  mission 
scenario.  Thus,  if  the  threats  are  not  protecting  the  target, 
they  may  be  visible  but  are  considered  not  active  and  no  warnings 
are  given. 
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lcjur;^  5.6.\ -Z  TYPICAL  LANTIRN  DISPLAY 


5.6.2  B-52  EVS  Simulation 


Singer  proposes  to  fulfill  the  requirement  for  both  the  B-52 
visual  and  electro-optical  viewing  system  (EVS)  simulation  through 
application  of  a single  advanced  design  DIG  system.  This  image 
generation  system  is  innovative  in  the  hardware  and  software  tech- 
niques used  to  achieve  a system  design  capable  of  exceeding  the 
demanding  requirements  of  the  specifications.  Figure  5. 6. 2-1  is  a 
diagram  of  the  proposed  EVS  simulation  system  and  Figure  5. 6. 2-2 
is  an  artist's  concept  of  imagery  and  symbology  as  viewed  on  an 
EVS  display. 

The  proposed  system  will  have  the  capacity  to  process  and 
display  a total  of  8000  potentially  visible  scene  edges  and  lights 
in  a single  frame  time  (1/30  sec).  This  total  number  of  edges  and 
lights  may  be  shared  in  any  combination  between  the  FLIR  and  STV 
displays  during  simultaneous  operation  of  these  sensors  in  the 
integrated  mode . 

The  EVS  image  generation  system  will  employ  a three-tier  mem- 
ory hierarchy  to  permit  real-time  access  to  a DDB  covering  130,000 
nmi2,  jhe  DDB  memories  are  configured  to  store  and  access  a total 
of  B million  edges.  The  top  tier  of  storage  is  called  regional 
memory  and  will  be  composed  of  two  67-MB  moving  head  disk  memo- 
ries, each  covering  65,000  nmi2.  Two  disk  drives  permit  maximum 
flexibility  and  ease  of  real-time  expansion  of  the  130,000  nmi2 
gaming  area. 

The  second  tier  of  memory  will  be  composed  of  rapid-access 
bulk-storage  solid-state  memory  which  holds  the  data  in  a 50  nmi 
radius  about  the  aircraft.  This  memory  is  called  district  memory. 

The  third  level  of  memory  will  hold  data  for  a sector  114° 
wide  in  front  of  the  aircraft.  Although  the  individual  sensors 
are  limited  to  a maximum  horizontal  field  of  24°,  the  114°  sector 


Figure  5.6. 2-1  EVS  SIMULATION  SYSTEM 
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permits  the  horizontal  scanning  of  the  boresight  for  the  steerable 
Mnsors  without  the  appearance  of  anomalies  in  the  display. 

The  various  DRLMS  subsystems  and  their  interrelationships  are 
illustrated  in  the  functional  block  diagram  shown  in  Figure 
5.6. 2-3. 

The  data  base  for  radar  will  be  derived  from  DMAAC  Level  I 
and  Level  IA  data.  Portions  of  the  world  will  be  transformed  to 
provide  an  on-line  data  base  covering  at  least  600,000  square  nmi. 
This  gaming  area  will  be  stored  on  the  DRLMS  regional  memory  as  an 
elevation  file,  a landscape  reflectance  file,  and  a reflectance 
list  file.  Each  file  will  have  multiple  resolutions  to  provide 
the  specified  accuracies  at  the  various  radar  ranges. 

As  the  aircraft  maneuvers  within  the  gaming  area,  district 
memory  will  be  maintained  in  real  time  with  a subset  of  regional 
memory  data  that  represents  the  area  within  the  immediate  field  of 
view  of  the  radar  system.  District  memory  will  contain  all  the 
elevation,  landscape,  and  reflectance  data  required  within  a radar 
range  of  240  nmi  for  the  long-range  setting  and  lesser  ranges  for 
the  shorter-range  settings. 

Also,  a sector  memory  will  be  maintained  in  real  time  for 
each  type  of  data  corresponding  to  the  selected  radar  range  and 
antenna  movement. 

A graphic  representation  of  radar  data  flow  is  illustrated  in 
Figure  5. 6. 2-4. 

The  DRLMS  on-line  DDB  will  be  formed  by  a digital  data  base 
transformation  program  (DDBTP),  in  the  on-line  DDB,  terrain  ele- 
vation data  is  established  using  a geodetic  grid  structure  whose 
highest  resolution  is  9 arc-sec  (approximately  900  ft)  between 
adjacent  stored  elevation  values.  Intermediate  elevation  values 
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will  be  determined  within  the  DRLMS  by  a system  of  weighted 
parabolic  interpolation  in  the  elevation  retrieval  process. 
Radar-signif leant  landscape  features  are  established  using  a 
geodetic  grid  structure  with  increments  as  small  as  1.5  arc-sec 
(approximately  150  ft).  The  stored  data  volume  will  be  reduced  by 
run-length  compression  techniques. 

A data  file  is  made  up  of  an  uncompressed  list-structured 
string  of  points*  each  point  representing  a rectangle  of  variable 
length/width  ratio.  Bach  point  can  be  rotated,  and  has  a cultural 
elevation,  a low-level  special-effects  flag,  and  a 4-bit  reflec- 
tivity code.  Positional  resolution  of  features  in  this  file  is 
0.3  aro-sec.  Should  the  user  wish  the  accuracy  of  a selected 
landscape  feature  to  be  better  than  depicted  initially  in  the 
landscape  data  file,  the  list  reflectance  file  can  be  used  to 
augment  the  basic  landscape  information.  This  alliance  of  grid 
and  list  encodemsnt  and  processing  methods  allows  for  high  density 
of  radar-significant  data  without  requiring  similar  amounts  of 
digital  data  in  areas  having  few  radar-significant  features.  Fur- 
thermore, it  permits  the  realistic  simulation  of  landmass  returns 
without  the  display  of  undesirable  synthetic  or  cartoon-like  anom- 
alies characteristic  of  a data  base  consisting  of  planar  or 
faceted  elements. 

The  on-line  DDB  is  stored  in  a memory  hierarchy  as  illus- 
trated in  Figure  5. 6. 2-5.  As  data  progresses  from  left  to  right, 
data  rates  increase  while  data  volume  decreases.  As  a result, 
memories  are  selected  at  each  stage  to  provide  the  best  tradeoff 
among  volume,  speed,  and  cost. 
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€.0.  CONCLUSIONS 


6.1  GENERAL 

This  study  has  analysed  FDL's  sensor  simulation  requirements, 
typical  sensor  characteristics,  and  simulation  technologies  appli- 
cable to  the  sensor  simulation  problem.  It  is  apparent  that  no 
off-the-shelf  solution  exists  for  the  total  problem  and  conse- 
quently some  new  equipment  will  have  to  be  purchased  or  possibly 
even  developed.  This  is  not  an  entirely  unexpected  result  since 
the  simulation  industry  has  only  recently  been  driven  toward 
.solving  the  problems  of  sensor  simulation  and  therefore  solutions 
are  still  in  infanoy  stage.  We  can  expect  that  as  sensor  simula- 
tion matures,  its  capabilities  and  characteristics  will  be 
,$tv*loped  and  refined  in  response  to  specific  requirements. 

In  this  light,  this  report  has  demonstrated  three  important 
facts.  First,  sensor  simulation  has  emerged  and  can  be  expected 
to  develop  as  a distinct  simulation  technology.  Second,  FDL  must 
develop  te/isor  simulation  capabilities  expeditiously  in  order  to 
be  responsive  to  sensor  related  advancements  which  are  emerging  in 
flight  control  technology.  Third,  FDL  must  continue  to  develop 
its  capabilities  in  parallel  with  the  growth  of  simulation  tech- 
nology. The  practice  of  procuring  only  proven  equipment  has  obvi- 
ous merit,  but  with  its  chartered  task  of  analyzing  crew  workloads 
in  mission-associated  tasks  using  advanced  sensor  equipment  and 
developing  control  systems  and  utilisation  techniques,  FDL  cannot 
afford  to  wait  until  the  simulation  technology  fully  matures. 

Beyond  the  fact  that  FDL  must  assume  a degree  of  risk,  the 
future  for  sensor  simulation  and  correspondingly  FDL's  ability  to 
develop  advanced  sensor  simulation  capabilities  appears  extremely 
promising.  This  optimism  is  derived  from  the  knowledge  that  vir- 
tually every  basic  aspect  of  sensor  simulation  can,  to  varying 
degrees,  be  feasibly  produced  by  extracting  capabilities  of 


existing  technologies.  The  basic  problems  to  be  overcome  are  pat- 
ting these  capabilities  together  and  expanding  on  their  content 
(i.e.,  data  base  expansion  and  sensor  signatures).  FDL  may  well 
be  one  of  the  first  to  develop  a full  sensor  augmented  mission 
capability  for  an  advanced  fighter  aircraft.  However,  FDL 1 s ini- 
tial development  will  be  closely  followed  if  not  paralleled  by 
similar  development  in  the  training  sector  as  the  U.S,  Air  Force 
Simulator  Procurement  Office  (SPO)  seeks  to  upgrade  its  simulators 
with  the  sensor  capabilities  being  implemented  in  the  parent  air- 
craft. One  such  possibility  is  the  incorporation  of  a LANTIRN 
simulation  in  the  F-16  Tactical  Flight  Simulator.  Other  sensor 
systems  which  need  to  be  simulated  are  TADS  (Target  Acquisition 
Designation  Sight)  and  PNVS  (Pilot  Night  Vision  Sensor). 

6.2  SENSOR  TRENDS  AND  SIMULATION  TRENDS 

The  basic  relevant  segments  of  sensor  augmented  missions  have 
been  shown  to  be  penetration,  target  acquisition  and  identifica- 
tion, and  weapons  delivery.  The  sensor  augmentation  for  high- 
speed, low-altitude  penetration  is  precision  navigation  including 
obstacle  avoidance,  location  identification,  and  electronic 
warfare  activity.  TA/TF  simulations  were  accomplished  in  the 
early  1970*8  (in  the  F-lll  ARLMS),  DRLMS  is  well  proven  for 
navigational  real  beam  mapping.  Increased  data  base  resolution, 
modified  access  hardware,  and  possibly  the  incorporation  of  scan 
conversion  memory  should  facilitate  DRLMS  expansion  for  DBS  and 
SAR  realizations.  Also,  by  the  nature  of  its  data  base,  DRLMS  is 
inherently  adaptable  to  TA/TF. 

Electronic  warfare  has  been  simulated  to  some  very  elaborate 
levels*  There  appear  to  be  no  technical  problems  associated  with 
applying  known  EW  simulation  techniques  to  sensor  augmented  mis- 
sions. Initial  sensor  target  acquisition  is  usually  accomplished 
by  radar  at  ranges  greater  than  practical  for  E-0  acquisition. 

Air  and  ground  targets  accompany  most  DRLMS  configuration.  At 
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closer  ranges#  handoff  is  made  to  E-0  sensors  for  target  identi- 
fication and  subsequent  weapons  delivery.  CMS#  film  source#  and 
DIG  targets  of  E-0  quality  have  been  generated  in  various  training 
simulators.  Providing  the  proper  IR  signatures  appears  to  be  pre- 
dominantly a problem  of  determining  what  the  signature  should  be. 
Various  methods  exist  for  inserting  target  presentations  into  sep- 
arate sourced  background  video.  When  automatic  target  identifica- 
tion becomes  a reality,  the  simulation  problem  will  be  easier 
since  the  computer  will  always  know  the  identity  of  each  target. 
Both  natural  and  tactical  environmental  factors  are  included  in 
most  current  tactical  visual  systems. 

In  reality#  when  simulating  sensor  augmented  missions#  it 
will  be  the  correlated  visual  presentation  that  will  present  the 
more  dramatic  challenge  in  terms  of  existing  technologies.  This 
report  has  noted  the  drawbacks  of  both  dig's  and  CMS's  when  used 
for  low-altitude  missions.  Distance  and  speed  cuing  do  not  affect 
sensor  simulation#  however#  since  by  virtue  of  their  two-dimen- 
sional displays#  sensor  presentations  do  not  facilitate  such 
cuing. 

Earlier  sections  of  this  study  discussed  various  sensors  and 
their  characteristics.  It  was  mentioned  that  sensor  technology 
(especially  radar)  was  mature  in  principle  and  that  major  advance- 
ments will  cone  in  areas  of  signal  and  video  processing.  The 
trends  and  goals  are  to  carry  computer  aided  processing  to  a point 
where  only  symbolic  data  is  presented  to  the  crew  in  an  mfd.  This 
is  an  obvious  result  of  ongoing  efforts  to  reduce  crew  workloads 
and  these  efforts#  in  turn#  will  have  a significant  effect  on 
(simulation  hardware. 

As  the  need  for  real-world  video  is  diminished#  the  computer 
image  generator  becomes  more  prominent  and  the  film#  tape#  disk 
and  camera-model  systems  become  less  significant.  In  the  short 
term#  this  may  have  little  impact,  but  in  the  long  term#  as  these 


processing  techniques  are  implemented  in  operational  hardware,  the 
simulation  facility  will  have  to  respond  through  the  acquisition 
of  CIG  equipment. 


These  facts  must  be  considered  along  with  trends  in  simula- 
tion technology  in  planning  facility  expansions.  The  CIG,  al- 
though it  is  a rather  new  addition  to  simulation  technology,  has 
proven  its  capabilities  and  is  unsurpassed  in  some  areas  such  as 
flexibility.  The  bulk  of  current  research  and  development  budgets 
in  the  simulation  industry  are  directed  toward  improving  this  tech- 
nology. It  follows,  that  although  significant  limitations  still 
exist  in  generating  and  using  the  computer  generated  images,  these 
problems  will  be  solved  and  that  any  long  term  facility  expansions 
must  seriously  consider  CIG  as  a primary  image  source. 


6.3  SUMMARY  OF  IMAGE  GENERATOR  CHARACTERISTICS 

The  salient  characteristics  of  the  various  sensors  and  the 
different  image  generation  forms  are  summarized  in  Tables  6.3-1 
through  6.3-3.  These  tables  provide  at  a glance  a comparison  of 
what  is  required  for  simulation  of  the  sensors  and  what  perform- 
ance parameters  can  be  realized  by  each  type  of  image  source. 


6.3.1  Camera  Model 

Most  LLLTV  and  FLIR  systems  have  pictorial  content  compatible 
with  camera  model  boards.  However,  most  sensor  systems  have  rela- 
tively narrow  FOV's,  down  to  a fraction  of  a degree.  These  FOV's 
view  are  not  practical  to  simulate  with  optical  probes  due  to 
diffraction  limitations  and  depth  of  field  requirements.  Thus 
CMS's  systems  will  only  be  applicable  for  a limited  number  of  E-0 
sensor  devices,  or  may  be  applicable  with  restricted  performance 
capability.  A second  restriction  of  CMS's  lies  in  their  rela- 
tively small  gaming  area.  This  imposes  a limitation  on  the  type 
and  extent  of  mission  simulation  in  which  they  can  provide  a 
useful  output  for  mission  analysis. 
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Table  6.3-3  RADAR 
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Table  6.3-3  RADAR  (Cont'd) 
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CMS's  deliver  a picture  which  contains  a high  degree  of 
realism.  They  present  the  closest  example  to  real-world  condi- 
tions of  any  visual  system , having  unlimited  flight  patterns  (as 
long  as  the  pilot  stays  on  the  model  board)  and  good  detail 
rendition.  FDL  currently  has  two  CMS's  available.  One  is  a 
5000tl  scale  model  covering  12.3  by  37.8  nmi  in  area  and  one  is  a 
ISOOtl  scale  model  covering  3.7  by  11.7  nmi.  The  two  units  are 
identical  physically  and  both  use  color  cameras.  The  high  detail 
(ISOOtl)  model  has  been  color-coded  to  allow  a simulation  of  FLIR. 


However,  CMS's  also  have  many  limitations,  the  most  obvious 
being  the  limited  gaming  area,  bounded  by  the  physical  size  of  the 
modelboard  at  a given  scale.  Other  limitations  include t 


1)  The  limited  minimum  altitude  which  can  be  flown  without 
risking  physical  collision  between  the  probe  and  the 
model. 


2)  The  limited  resolution  and  depth  of  field  which  can  be 
provided. 


3)  Inflexibility  in  making  data  base  (model)  changes. 


4)  FOV  limitations  for  visual,  out-the-window  scenes. 


5) 


When  correlation  between  two  separate  camera  model  scenes 
is  required,  positional  servo  inaccuracies  also  become 
significant  because  they  are  magnified  by  the  scale  of 
the  models. 


Consideration  of  these  limitations  and  capabilities  as  they 
apply  to  the  current  problem  of  sensor  simulation  and  the  systems 
available  at  FDL  is  provided  below. 
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Although  the  gaming  area  of  the  camera  model  is  limited,  it 
is  possible  to  program  flight  corridors  on  the  model  which  will 
effectively  extend  the  gaming  area  several  times.  While  this  will 
not  entirely  alleviate  the  problem  it  would  provide  some  relief. 
Looking  to  the  future,  the  camera  model  could  be  joined  with  a CIG 
which  provides  extended  gaming  area  runs  while  the  model  supplies 
high  detail  in  a specific  mission  task  terminating  area. 

The  CMS* s at  FDL  provide  a 60°  diagonal  FOV.  Although  this 
represents  the  normal  field  of  view  for  CMS's  it  is  somewhat 
restrictive  for  many  out-the-window  visual  requirements.  This 
could  be  improved  on  the  existing  systems  only  through  an  exchange 
of  probes. 

On  the  othef  hand,  most  of  the  E-0  sensors  being  examined 
have  very  small  FOV's  - in  the  order  of  20®  maximum  down  to  a 
fraction  of  a degree.  Reducing  the  FOV  of  the  probe  presents  no 
technical  problem.  However,  the  system  resolution  is  already 
limited  primarily  by  the  diffraction  limiting  effect  of  the  probe 
aperture.  Thus,  reducing  the  FOV  will  not  be  accompanied  by  a 
corresponding  desired  increase  in  angular  resolution,  although 
some  increase  would  be  realized  through  the  associated  increased 
angular  resolution  capability  of  the  TV  camera  and  display.  For 
example,  if  the  current  probe  image  were  to  be  reformatted  to 
simulate  a 3®  FOV  only  about  100  (or  less)  resolution  elements 
would  appear  across  the  image,  making  it  appear  grossly  out  of 
focus.  The  probe  resolution  could  be  increased  only  by  increasing 
the  pupil  size. 

This  tactic,  however,  also  results  in  a reduced  depth  of 
field  for  the  probe  in  inverse  proportion  to  the  aperture  diameter 
increase.  Further,  enlarging  the  pupil  also  enlarges  the  optical 
elements  of  the  probe  and  could  very  likely  constrain  the  near  ap- 
proach distance  of  the  probe  to  the  model  even  more  than  it  is 
now.  Thus,  resolution,  either  in  absolute  terms  or  in  depth  of 
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field#  represents  the  most  significant  deterrent  to  the  applica- 
tion of  CMS  to  sensor  simulation  because  one  limiting  parameter 
oan  be  improved  only  at  the  expense  of  deteriorating  the  other. 
Figure  6. 3.1-1  illustrates  the  interactive  effects  of  pupil 
diameter  and  resolution#  depth  of  field#  and  model  approach 
distance. 

Finally#  there  is  the  factor  of  image  correlation  in  those 
cases  where  two  separate  CMS's  must  be  employed  to  provide  reg- 
istered images  on  a common  display  or  contiguous  set  of  displays. 
Such  a case  could  arise  if  one  model  were  used  to  provide  out- 
the-window  imagery  and  a second  to  provide  FLIR  imagery  on  a HUD, 
for  example.  Although  it  is  possible  to  achieve  good  correlation 
with  two  carefully  matched  models  and  very  careful  calibration  of 
position  and  attitude  servos  with  position  feedback  provisions  to 
the  computer#  separate  processing  of  a common  video  signal  is  per- 
haps more  practical.  Such  a capability  would  be  provided  by  a 
DAIS  unit  (McCormick  et  al#  1979)#  although  with  some  compromises 
required  on  the  FLIR  resolution  and  IR  signature  representation. 

Therefore,  it  seems  fairly  obvious  from  the  above  discussion 
that  the  CMS  of  very  limited  utility  in  satisfying  the  require- 
ments of  sensor  simulation.  But  with  some  modification#  replace- 
ment# and  additions  to  the  existing  systems  at  FDL  soma  useful 
interim  level  of  simulation  could  be  realized.  By  the  use  of  a 
more  advanced  camera  model  system  similar  to  the  Orbiter  Aero- 
flight  Simulator  (OAS)  used  at  NASA's  Mission  Simulation  facility 
at  Johnson  Space  Center#  Houston#  Texas#  together  with  a DAIS  or 
other  special  video  processing  unit,  many  of  the  desired  perform- 
ance parameters  can  be  improved  over  that  presently  available. 

For  example#  some  of  the  characteristic  OAS  performance  parameters 
of  interest  here  include i 


1)  Wide  (120°H  by  40#V)  FOV  imaged  onto  three  overlapping 
color  camera  channels  of  46#H  by  40°V  each 
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2)  1.0  mm  probe  pupil  diameter  with  a minimum  eyeheight  of 
4.2  mm  (time a model  scale  factor) 

3)  Scheimpflug  correction  for  low-altitude  flight 

4)  Resolution  9 arc-min  per  line  pair  with  modulation  in 
exoess  of  10%  in  the  corners  of  the  field,  with  or 
without  full  tilt  correction 

5)  Probe  attitude  and  gantry  position  feedback  signals  for 
closed  loop  control  through  the  computer 

6) ,  Pull  pitoh  cspability  from  +30°  to  -88°.  This  CMS  has 

been  replaced  in  the  operational  simulator  with  a CIO, 
and  it  may  therefore  be  available  to  PDL  on  a surplus 

i basis 

Attaining  any  one  or  all  of  these  characteristics  would  re- 
quire replacement  of  the  existing  probes  with  new  units.  The  new 
probe  should  have  an  enlarged  pupil  aperture  to  increase  resolu- 
tion with  the  aperture  being  adjustable  for  different  FOV's  to  be 
simulated#  either  a soom  mechanism  or  provision  for  inserting 
auxiliary  lenses  for  various  fixed  magnifications,  plus  servo 
feedback  for  computer  interfacing  to  increase  the  accuracy  of 
llne-of-sight  positioning.  An  increased  FOV  for  out- the -window 
viewing  would  be  highly  desirable  if  the  display  could  be  expanded 
aoaordingly. 

6.3.2  Film,  Videotape#  or  Disk  Systems 

While  film  and  videodisk  systems  have  limitations  in  altitude 
variation#  maneuverability#  and  image  behavior  that  could  limit 
these  simulation  and  training  applications#  their  use  in  FDL  re- 
search may  prove  cost-effective.  The  systems  have  good  static 
image  quality  and  high  detail  content.  They  would  be  useful  for 
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high-  and  middle-altitude  flights,  but  could  not  be  used  for  TF 
applications.  Most  mission  applications  would  require  maintaining 
a rather  narrow  flight  envelope  and  heading  constraint  to  avoid 
overextending  the  data  base  storage  capability. 


The  addition  of  new  flight  areas  requires  extensive  planning. 
The  cost  of  these  systems  is  moderate.  Since  each  picture  con- 
tains a limited  viewing  window,  practical  constraints  on  storage 
will  limit  the  allowable  flight  envelope , including  aircraft  at- 
titudes* to  maintain  the  out-of-window  scene. 


A typical  videodisk  or  videotape  system  is  shown  in  Figure 
6.3. 2-1.  The1  system  operates  as  described  in  Section  5.1.2.  The 
pictures  have  been  stored  on  the  video  recording  medium  in  sec- 
tions. ( The  sections  are  recalled  and  placed  upon  the  scan  con- 
verter. The  scan  converter  then  translates  the  picture  according 
to  the  flight  path  using  perspective  transformation  algorithms 
based  upon  the  position  and  attitude  of  the  photograph  and  the 
poeitioin  and  attitude  of  the  aircraft.  These  transformations  have 
been  accomplished  in  the  past  and  are  not  considered  to  be  a new 
development. 


These  systems*  as  well  as  film  systems,  have  a distinct  ad- 
vantage of  being  easily  adaptable  to  any  sensor  signature  or  spec- 
trum anlyses.  Either  multiple  pictures  can  be  taken  using  the  de- 
sired spectra*  or  the  picture  can  be  reanalyzed  with  new  informa- 
tion added.  The  videodisk  can  be  quickly  changed  (even  though  the 
production  of  a new  disk  can  be  somewhat  costly),  and  disks  can  be 
stored  without  undue  space  being  occupied.  The  information  is  of 
the  real-world*  and  any  location  in  the  world  that  can  be  obtained 
using  photographio  techniques  can  be  simulated. 


Maneuverability  is  somewhat  limited  by  data  storage  consider- 
ations* for  even  with  video  disk  or  tape  technology  there  is  only 
a limited  amount  of  data  available  per  disk.  Film  techniques  are 
of  limited  value  due  to  the  lack  of  aircraft  manueverability . 
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It  would  seem  as  if  video  techniques  would  be  the  answer  to 
presenting  a wide  range  of  sensor  data.  However,  there  are  many 
limitations  still  present  with  any  ouch  system.  First  of  all, 
there  is  a limited  amount  of  pictures  that  can  be  stored  on  a 
standard  1/2  hour  disk,  Since  each  picture  could  consist  of  as 
many  as  60  television  frames,  or  two  seconds  worth  of  storage,  a 
disk  would  only  contain  900  pictures,  a decidedly  limited  data 
base.  Multiple  disk  systems  could  be  used  to  overcome  this 
problem. 

Secondly,  each  picture  is  "flown"  through  for  awhile  before 
changing  unlike  the  normal  movie  frame,  where  each  frame  is  fresh 
and  corresponds  to  the  velocity  of  the  aircraft.  Thus,  the  abso- 
lute perspective  of  an  object  remains  static  during  this  time. 

The  sense  of  motion  is  obtained  by  "zooming"  and  maneuvering  the 

scan  converter  raster  in  a mode  that  portrays  the  proper  image 
size  to  the  trainee  and  maintains  the  proper  perspective.  When 
the  image  is  switched  to  another  picture,  there  will  be  a dis- 
continuity in  certain  objects  due  to  a sudden  perspective  shift, 
and  probably  a slight  position  shift  due  to  both  perspective 
changes  and  alignment  error.  While  some  of  these  anomalies  may  be 
eased  by  various  techniques  to  prevent  flicker,  there  will  be  a 
change  in  the  image  quality  at  this  time.  Obviously,  one  way  to 
reduce  some  of  these  errors  is  to  have  more  pictures,  which  cuts 
down  the  gaming  area  per  disk  and  increases  data  base  costs. 

The  third  limitation  is  caused  by  the  perspective  transforma- 
tions available  to  modify  the  picture.  There  is  no  knowledge  of 
the  vertical  content  of  the  pictures  - hills,  trees,  towers,  moun-  c 

tains,  etc.  The  perspective  transform  is  based  upon  a "flat 
earth"  concept  having  no  vertical  relief.  Even  though  all  flat 
area  will  be  shifted  and  transformed  in  perspective,  all  vertical 
objects  will  also  be  skewed,  tilted,  and  zoomed,  causing  them  to 
appear  distorted. 


The  perspective  transform  has  still  another  limitation  in 
that  it  forms  a mirror  image  around  the  horizon  line.  Normally, 
this  forms  no  problem  since  the  upper  part  is  cut  off  electroni- 
cally and  replaced  by  sky.  However,  if  any  object  begins  to  ap- 
proach the  horison  or  lie  above  the  nominal  horizon  line,  as  would 
be  the  date  when  the  picture  is  taken  at  low  altitudes,  a mirror 
distortion  would  appear  and  cause  disorientation.  Since  the  per- 
spective algorithms  are  centered  at  the  horizon  line,  an  object 
which  appears  above  the  nominal  horizon  line  (hills  or  mountains, 
etc,)  cannot  be  made  to  drop  below  the  horizon  line  as  would  be 
the  case  as  the  aircraft  began  to  gain  altitude  to  avoid  the  ob- 
struction. The  object  appears  to  grow  as  the  aircraft  climbs,  or 
shrink  in  altitude  as  the  aircraft  lowers,  The  result  is  a start- 
ling loss  of  orientation  for  the  viewer.  Thus,  these  systems  are 
not  compatible  for  simulating  low  level  terrain  following  tactics. 
•. 

The  pictures  must  be  taken  using  a stabilized  platform, 
usually  mounted  in  a cradle  in  a helicopter.  The  pictures  must 
then  be  carefully  processed  to  assure  smooth  transition  from  one 
frame,  to  another.  Thus  the  addition  of  new  gaming  areas  is  not  a 
simple  or  a quick  turn-around  task,  although  it  is  possibly  simp- 
ler than  making  a new  model  for  a CMS  or  making  a new  CIG  data 
base* 


The  videodisk  and  tape  systems  have  the  advantage  over  CIG 

• i 

systems  of  giving  good  detail  and  resolution  in  the  picture.  How- 
ever, many  limitations  exist  in  gaming  area,  maneuverability,  alti- 
tude simulation,  and  flight  realism.  These  limitations,  while 
raising  serious  objections  for  some  training  missions,  may  be  ade- 
quate for  FDL  use,  where  pilot  training  is  not  the  goal.  Thus, 
the  videodisk  and  tape  system  may  prove  to  be  a lower  cost  alterna- 
tive to  the  CIG  system  if  these  limitations  are  kept  in  mind. 

The  videodisk  and  tape  systems  may  be  combined  with  CMS  or 
CIG  approaches.  The  camera  model  can  be  photographed  as  the 


model,  even  though  care  must  be  taken  to  assure  adequate  resolu- 
tion and  depth  of  field,  which  can  be  difficult  due  to  the  close- 
ness of  the  camera  to  the  modelboard. 

Videodiek  systems  as  described  may  be  adequate  for  sensor 
displays  that  are  black  and  white.  While  they  may  be  stored  as 
color  information  using  standard  commercial  color  encoding,  their 
conversion  to  display  format  and  perspective  transformation  re- 
quires scan  conversion.  Due  to  the  non-linear  nature  inherent  in 
scan  conversion,  the  scan  conversion  technique  requires  one  con- 
verter for  each  color.  Thus  if  a color  display  is  desired,  three 
scan  converters  must  be  used. 

The  use  of  video  disk  systems  for  out-the-window  displays  is 
limited  by  all  the  criteria  listed. 

6.3.3  C1G 

Modern  raster  C1G  systems  provide  6,000  - 8,000  edges  with  at 
least  256  levels  of  occulting.  All  manufacturers  of  CIG  equipment 
use  a common  system  design  but  are  not  board- for-board  interchange- 
able. Current  CIG  systems  are  being  gradually  extended  in  capa- 
bility, adding  texture  and  other  features  that  will  extend  the 
apparent  object  density  of  the  picture.  CIG  is  the  most  versatile 
of  the  image  generation  techniques,  adaptable  for  simultaneous 
generation  of  out-the-window  scenes  of  any  FOV,  and  any  type  of 
sensor  picture. 

Section  5.1.5  discusses  the  use  of  CIG  systems  for  sensor 
simulation  in  detail.  All  modern  CIG  systems  make  use  of  a common 
design  approach,  and  there  seems  little  chance  of  any  major  break- 
through leading  to  a new  system  approach  over  the  next  five  years. 
There  will  be  new  generations  of  CIG  announced,  but  these  will 
primarily  be  undertaken  to  reduce  hardware  complexity,  ease  growth 
capability,  and  increase  scene  content. 


CIG  has  the  inherent  capability  of  being  adaptable  to  virtu- 
ally any  type  of  display  image/  as  long  as  it  is  raster  scanned. 
The  pictorial  results  are  controlled  primarily  by  the  data  base 
control/  even  though  some  features  caused  by  spectral  content 
(e.g./  IR  images)  are  better  controlled  by  some  hardware  modifica- 
tions. 

Many  types  of  sensors  have  been  simulated  by  CIG  in  the 
course  of  the  development  of  the  various  types  of  mission  systems 
including  TF/TA.  Thus,  the  background  necessary  to  successfully 
design  a useful  CIG  system  for  FDL  is  present.  These  systems  have 
been  mixed  from  the  same  CIG  system/  including  out-the-window 
color  scenes/  FLl'R,  and  LLLTV . 

CIG/  since  it  is  determined  by  computational  means/  has  no 
comparable  problematic  resolution  limit  and  depth  of  field/  other 
than  that  defined  by  the  arithmetic  data  base.  Thus  there  is  no 
inherent  liiuic  on  simulating  any  desired  field  of  view  for  sen- 
sors* The  problem  present  in  CIG's  is  the  difficulty  of  providing 
detail  under  high  magnification.  The  problem  can  be  eased  some- 
what by  judicious  planning  of  the  data  base  content,  and  using 
multiple  data  bases/  one  for  each  type  of  display.  Moving  targets 
are  relatively  easy  (even  though  the  movement  is  presently  some- 
what restricted)  and  they  are  realistically  occulted.  Target 
location  is  well-known,  and  the  strikes  and  destruction  of  the 
target  are  quickly  determined  and  depicted.  Since  the  CIG  imagery 
is  stored  in  computational  form,  it  is  possible  to  add  special 
features  and  effects  not  possible  with  camera  model  depictions. 
Image  degradation,  coma,  and  flare  can  be  provided  either  with 
current  equipment  or  in  the  near  future.  This  capability  should 
be  especially  useful  to  FDL,  where  it  would  be  possible  to  modify 
responses  to  experiment  with  different  signature  results. 

Modern  CIG's  use  state-of-the-art  digital  hardware.  Since 
digital  hardware  is  being  constantly  upgraded  and  new  capabilities 


are  being  added,  it  can  be  assumed  that  future  CIG  equipment  will 
have  more  capabilities  (texture,  curved  surfaces,  etc.)  and  be 
simpler  at  the  same  time. 

The  most  difficult  problem  in  the  CIG  is  the  generation  of 
the  data  base.  If  each  edge  had  to  be  hand-generated,  it  would  be 
very  difficult  and  very  costly  to  design  new  data  bases.  However, 
new  techniques  are  constantly  being  developed  to  generate  data 
bases  using  automatic  techniques  that  will  greatly  reduce  costs. 
DMAAC  data  is  being  used,  but  extensive  rework  of  the  data  is 
necessary  to  provide  adequate  visual  correlation  and  smoothness. 

Data  base  generation  will  continue  to  be  the  most  difficult 
area  in  which  to  ease  costs.  It  is  important  for  FDL's  cost- 
effective  use  that  the  existing  inventory  of  data  bases  be  maxi- 
mised if  a CIG  is  purchased.  Existing  data  bases  can  be  upgraded 
as  needed.  It  would  also  be  worth  the  extra  cost  to  purchase  some 
of  the  new  programs  capable  of  real  time  feature  growth,  as  des- 
cribed in  Section  5.1.4. 

6.3.4  EW  Systems 

In  order  to  define  the  simulation  requirements  for  EW  systems 
a number  of  variables  have  to  be  defined.  First,  the  type  of  sys- 
tem to  be  simulated  should  be  defined.  The  sensor  characteris- 
tics, Section  3. 2. 1,6,  the  sensor  study  SCOT,  and  the  5-Year  Plan 
provide  sufficient  information  to  do  so. 

The  following  is  a basic  description  of  the  generic  airborne 
EW  sensor  system  to  be  simulated.  This  system  includes! 

1)  Multi-antenna/receiver  (wide  band  rather  than  narrow/ 
swept  receiver) 


2)  Central  processing  unit  fori 


Threat  identification 
Threat  prioritisation 
Threat  location 

Field  programmable  threat  tables 

3)  On-board  computer  interface  fort 

Threat  dependent  ECM  interface  mission/aircraft 

Weapon  dependent  armament  interface  dependent 


o : Warning  displays 

• ' -Visual!  on  shared  multifunction  display 

Aur alt  threat  pulse  trains  and  special  warning  tone(s) 

>mis  system*  due  to  its  processing  capability,  will  have  the 
ou tpu  t v vi s ual  , d 1 s pi  ay  function  separated  from  the  rest  of  the 
system* ' This  means  that  only  processed  information  will  be  dis- 
played in  form  of  x,  y located  (relative  to  aircraft  heading) 
symbols*  In  addition,  the  aural  warning  system  will  consist  of 
both  threat  pulse  trains  and  special  warning  tones. 

Historically,  a number  of  approaches  have  been  used  to  solve 
this  simulation  problem.  They  are  listed  below  with  their 
advantages  and  disadvantages: 

1)  Fly  aircraft  against  real  world  or  simulated  threats. 

ADVANTAGES 


a)  Realistic 


DISADVANTAGES 


a)  Very  expensive 

b)  Difficulty  in  providing  dense 
threat  environment 

c)  Training  security 

d)  EW  system  dependent. 
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Entire  aircraft  hardware  system  receiving  RF  level 
injected  threat  signals. 


ADVANTAGES 

a)  Simulation 
yields 

realism  - System 
responds  as  in 
real  world  (if 
threat  signals 
are  realistic) 

b)  Audio  display 
for  free 


DISADVANTAGES 

a)  Expensive  and  cumbersome 
especially  for  dense  threat 
environments. 


b)  Changes  difficult  since  mostly 
a hardware  system. 

c)  EW  system  dependent. 


EW  system  processor  stimulated  by  video  level  puli 
trains,  processor  driving  the  display. 


ADVANTAGES 

a)  Simulation 
realism  good. 


b)  Audio  for  free. 

c)  Display  driven 
by  processor. 


DISADVANTAGES 

a)  Pulse  train  generation  hardware 
must  be  flexible  enough  to 
allow  for  changing  threat 
environment  (preferably  via 
software ) . 

b)  EW  system  dependent. 


Functionally  simulated  processor  with  special  hardware 
driving  actual  or  simulated  display. 
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ADVANTAGES 


DISADVANTAGES 
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a)  Least  hardware , a)  Audio  must  be  generated 
most  flexibility  separately, 

can  be  system  b)  Can  be  difficult  simulation 
independent.  task  if  a particular  proces- 

sor is  to  be  simulated,  since 
data  on  processor  quirks  is 
rarely  available. 

Prior  to  selecting  an  approach,  the  following  FDL  require- 
ments should  be  taken  into  consideration. 
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1)  Only  one  system  is  to  be  built,  so  non-recurring 
.expenditures  should  be  minimized. 

2)  The  simulated  system  should  be  generic ? Independent  of 
current  or  possible  future  EW  systems  or  easily 
modifiable  to  represent  future  systems. 

3)  Due  to  (2)  auove,  system  does  not  necessarily  require 

1 super  hi-fidelity  simulation?  simulated  system  will  be 
used  in  evaluating  things  other  than  EW  correctness. 

4)  System  should  be  modular  and  flexible  in  order  to  meet 
FDL  and  computational  resources. 


Approaches  1-3  above  are  all  system  dependent,  i.e.,  they  use 
part  of  a real-world  system.  Approach  4 can  be  made  system  inde- 
pendent if  certain  assumptions  concerning  the  processor  are  made. 
Approach  4 also  has  enough  flexibility  to  allow  the  simulation  of 
the  system  to  be  implemented  in  stages.  This  implementation  can 
encompass  anything  from  a simple  warn  system  to  a dense  emitter 

i 

environment  system.  In  addition  oince  the  visual  display  contains 
only  processed  data,  the  display  can  be  a simple  low  data  content 


type.  Thus,  Approach  4 is  the  recommended  approach  for  a generic 
type  EW  system  simulation. 

A block  diagram  of  a basic  generic  EW  system  simulation  de- 
rived above  is  shown  in  Figure  6. 3.4-1.  The  system  consists  of  a 
software-driven  audio  and  visual  display. 

The  software  section  consists  of  generation  of  a threat  en- 
vironment, threat  detection/ identification,  and  a display  driver. 

The  threat  environmtnt  is  simply  a set  of  target  kinematics 
equations.  They  determine,  in  body  frame,  the  relative  azimuth, 
elevation,  and  range  from  the  aircraft  to  the  target.  This  sub- 
system may  be  a simple  system  controlled  by  an  instructor,  or  a 
complex  mission  environment  stored  on  disk.  The  main  calculations 
may  be  performed  at  5 per  sec,  with  the  outputs  extrapolated  to 
the  display  driver  output  rate  (perhaps  15-20  Hz). 

The  threat  detection  equations  combine  two  major  real-world 
blocks.  Here,  the  SNR  characteristics  of  threat  signal  propaga- 
tion and  the  EW  system  receiver/processor  are  taken  into  account. 
Here  again,  considerable  flexibility  is  allowed  by  the  chosen  ap- 
proach. The  system  can  be  a simple  threat  versus  display  cross 
reference  or  a system  that  actually  calculates  real-world  SNR 
ratios  and  includes  particular  processor  properties.  In  the 
simple  system,  the  processor  can  be  assumed  to  be  100%  correct  in 
its  decoding  process.  Datection  may  be  based  merely  on  threat 
range.  Thus,  it  can  be  seen  that  in  this  type  of  generic  system 
simulation,  the  simulated  system  can  be  made  entirely  independent 
of  the  processor.  This  allows  for  a relatively  simple  system 
simulation  requiring  small  computational  resources,  yet  it  does 
not  deprive  the  cockpit  of  realistic  visual  and  audio  display. 
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\ The  audio  display  can  consist  o£  a number  of  identical  audio 

i circuits  whose  outputs  are  summed  together  for  the  aircraft  in- 

terphone system.  The  ear  is  not  as  critical  as  an  EW  system 
processor  and  many  corners  can  be  cut  in  generating  realistic 
audio.  Previous  simulation  experience  shows  that  when  this  type 
, of  audio  system  sums  approximately  10  threat  signals  together,  it 

is  difficult  for  the  user  to  tell  them  apart.  This  leads  to  a 
K design  where  there  are  a limited  number  of  audio  channels,  the 

only  provision  being  that  when  the  channel  limitation  is  reached, 
the  first  signal  (the  one  that  has  been  on  the  longest)  is  re- 
placed by  the  newest.  This  always  alerts  the  user  to  the  fact 
that  something  new  was  added  as  a threat  first  appears;  however, 
with  many  threats  audios  present  it  is  impossible  to  tell  if 
anything  is  incorrect. 


This  allows  for  the  basic  audio  generating  system  to  be  sim- 
ple as  long  as  a sufficiently  broad  range  of  pulse  trains  can  be 
generated.  The  pulse  trains  do  not  have  to  be  as  accurate  as 
would  be  required  for  EW  processor  inputs,  due  to  the  fact  that 
one  cannot  hear  the  difference.  In  addition,  many  processors 
stretch  the  pulse  trains  for  the  audio  output.  Thus,  the  audio 
system  can  oonsist  of  a set  of  Identical  audio  generators  that  are 
all  summed  for  the  final  audio  output. 


The  previously  described  simple  system  can  be  modified  (ex- 
panded) if  a more  complex  EW  system  is  desired. 


This  modification  can  be  performed  in  steps,  again  allowing 
for  flexibility. 


1) 


for  one,  the  threat  environment  can  be  enlarged  just  by 
supplying  more  computer  resources,  but  using  existing 
equations. 


2)  As  mentioned  before,  the  detection  and  processor  cri- 
teria  can  be  made  more  stringent. 
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3)  The  threat  environment  can  also  be  interfaced  to  a de- 
vice to  provide  threat  terrain  occulting.  Again, 
flexibility  is  allowed.  An  algorithm  with  a random 
number  generator  and  local  terrain  roughness  indication 
may  be  sufficient  if  only  an  ARLMS  is  available.  It  may 
be  possible  to  perform  an  actual  occulting  check  in  this 
type  of  system  depending  on  the  capabilities  of  the 
ARLMS  flying  spot  scanner.  If  a drlms  exists,  the 
systems  can  be  interfaced  to  provide  actual  occulting 
calculations. 

4)  A more  complex  EW  simulation  may  also  benefit  from  an 
interface  with  an  on-board  computer  for  armament 
selection  and  release  on  suppression  aircraft)  or  an 
interface  to  existing  on-board  jammers  providing  a 
simulation  of  a power  management  system. 

5)  In  addition,  algorithms  oan  be  developed  that  make  the 
simulated  aircraft  interactive  with  the  threat  environ- 
ment. This  oan  be  carried  to  the  point  where  threat 
weapons  may  affect  the  operation  of  the  simulated 
aircraft. 

A block  diagram  of  such  an  expanded  generic  EW  system  simu- 
lation can  be  seen  in  Figure  6. 3.4-2.  It  is  the  basic  system  of 
Figure  €.3.4-1  with  a number  of  independent  building  blocks  added 
to  provide  the  desired  system. 

The  entire  system  oan  be  designed  to  offer  a large  amount  of 
flexibility  that  is  only  limited  by  people  or  computer  resources. 

EW  DISPLAY  SYSTEM  - Compared  to  a visual  system,  an  EW  system 
display  is  a low  data  content  display.  The  display  is  symbols  or 
characters  of  processed  data  rather  than  live  video  data  (high- 
data  content).  In  addition,  since  the  decision  making  is  done  by 
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Figure  6. 3.4-2  EXPANDED  EH  SYSTEM  SIMULATION 


the  processor  and  not  by  the  air  crew,  the  display  is  usually 
entirely  (time  end  data)  separated  from  the  processor.  This  fact, 
and  the  desire  for  a generic  simulation,  allow  considerable  selec- 
tion flexibility  for  the  EW  visual  display.  (The  audio  display 
system  has  been  described  previously).  The  display  is  a mere  X-Y 
; position  display  of  processed  threats  and/or  means  for  an  auto- 
^..;V:matic  system  to  display  to  the  crew  certain  decisions  it  has  com- 
manded. The  display  is  not  used  by  the  crew  to  analyze  video 
; data.  ■ 


• V;v  . 


These  facts  allow  a display  system  to  be  selected  with  the 
following  general  specifications! 

1)  Compact  size  (approximately  4 in.  by  4 in.) 

• 2 ) . Alphanumeric! 

3 ) Special  symbols 

i 4)  Black  and  white  (color  not  necessary) 

; 5)  1 to  20  Hi  update  rate  (refresh  rate  of  display  is  a 

separate  matter) 


These  specifications  are  similar  to  many  other  cockpit  system 
display  requirements.  This  makes  it  an  ideal  candidate  for  a 
general  type  of  display  that  can  be  shared  for  a number  of  simu- 
lation requirements.  The  sharing  may  be  mission-segment  oriented 
(EW  during  one  part  of  mission,  NAV  indicator  during  another  part 
of  the  mission)  or  the  display  may  be  used  for  different  purposes 
depending  on  the  simulation  requirements. 


The  outputs  of  an  EW  processing  system  can  be  displayed  ir.  a 
number  of  ways.  Some  of  these  arei 


1)  Warning  lights 


A simple  warn  light  versus  reception 
quadrant  indication. 
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Stroke  writing 
of  symbols 


Since  a unique  set  of  EW  identifi- 
cation symbols  could  probably  be 
used,  this  makes  the  display  system 
unique . 


Raster  TV 
display 


A number  of  standard  raster  scan 
systems  can  be  chosen.  Selection 
would  depend  on  other  systems  with 
which  this  display  would  be  shared. 
Sharing  examples  include  EO  on-board 
sensor,  weapon  display,  or  any  air- 
craft  system  that  matches  selected 
raster.  Aside  from  the  raster  limi- 
tation this  system  is  fairly  versa- 
tile. Other  raster  systems  could  be 
scan  converted  for  display. 


Characters  can  be  via  five  by  seven 
dot  matrix  generators.  This  is  an 
overkill  for  the  EW  display,  but 
would  provide  versatility  for 
sharing  with  many  other  high-data 
content  system  displays. 


LED  dot  matrix 


5)  Digital  Raster 
Graphics  (drg) 


This  would  be  a low-data  content  dis- 
play since  resolution  is  64  lines 
per  in.  This  is  sufficient  for  an 
EW  or  NAV  display  and  provides  for 
future  versatility. 

System  would  allow  1024  by  1024 
pixels  which  is  more  than  sufficient 
for  many  displays.  System  would 
only  give  two  levels  of  intensity 
(on  or  off)  which  is  sufficient  for 
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low-data  content  displays.  However, 
CRT  and  daflaction  would  be  suffi- 
cient to  display  high-data  content 
when  image  generator  is  available. 

It  would  appear  that  a combination  of  4)  and  5)  above  would 
be  the  most  versatile  type  of  display.  This  system  would  be  a DRG 
which  can  drive  a 1024  by  1024  display  (if  available)  or,  on  a 4 s 1 
address  compression  (drop  2 LSB  of  X-Y),  it  can  be  used  to  drive  a 
LED  dot  matrix  type  of  display.  This  combination  is  also  chosen 
since  the  building  of  a drive  for  an  LED  matrix  would  essentially 
be  similar  to  the  DRG  but  would  offer  more  future  versatility. 

6*3*5  Radar  Simulation 

FDL  has  a model  T-10  ARU48.  The  simulator  was  built  in  the 
lets  1960's  or  early  1970's.  These  systems  are  film  plate  limited 
at  2$0  ft  resolution  and  improvements  are  difficult  and  expensive. 
Modern  DRLMS's  provide  a significant  increase  in  performance  and 
flexibility.  A variety  of  options  are  available  in  the  modern 
units  which  increase  the  versatility  of  the  units  to  allow  them  to 
simulate  many  different  types  of  radars. 

6. 3. 5.1  Analog  Radar  Simulation 

i 

The  ARLMS  system  now  installed  at  FDL  is  inherently  limited 
by  the  film  plates.  The  PS8  has  sufficient  resolution  so  that  it 
is  not  a limiting  factor  is  the  system  resolution.  Any  modifica- 
tions or  improvements  to  the  T-10  type  landmass  system  will  be 
very  expensive  and  cine-consuming  due  to  problems  associated  with 
changes  to  the  landmass  film  plates  (see  section  5. 1.5. 5).  In  any 
event*  even  if  this  cost  burden  is  accepted,  the  performance  of 
this  system  will  remain  marginal  due  to  the  inherent  limitations 
of  the  analog  design.  Some  additional  gains  could  he  made  through 
modifications  of  the  FSS  deflection  system.  However,  since  the 
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system  is  limited  by  the  resolution  of  the  film  plates,  only  minor 
gains  can  be  expected. 

If  major  improvements  in  performance  are  required  the  acquisi- 
tion of  a digital  system  is  recommended. 

6. 3. 5. 2 Digital  Radar  Simulation 

8ection  5.1. 5.4  discusses  the  DRLMS  approach.  Table 
5. 1.5. 4. 6-2  shows  the  major  advantages  of  the  DRLMS.  The  digital 
approach  to  radar  simulation,  like  the  digital  approach  to  visual 
scenes,  provides  great  versatility  in  providing  varied  formats  and 
sensor  characteristics.  The  performance  of  modern  digital  systems 
meets  most  of  the  criteria  of  advanced  radar  systems  like  that  of 
the  C-130  and  B-52,  and  the  F-16  systems  will  be  operational 
within  the  next  few  years.  Like  CIG  systems,  no  startling  perform- 
ance advances  can  be  expected  over  the  next  five  years,  but  im- 
provement can  be  expeated  in  system  simplification  and  a continued 
effort  to  update  performance. 

While  DRLM's  have  many  limitations  in  their  presentation  as 
does  the  CIG,  the  approach  is  still  a vast  improvement  with  con- 
tinual radar  advances.  With  the  trend  toward  abstract  symbology 
being  used  to  identify  potential  targets,  the  digital  simulation 
approach  can  be  modified  to  adapt  to  new  codes  and  presentation 
with  greater  ease  than  an  analog  system.  Growth  will  include  new 
approaches  such  as  "look  down"  and  "shoot  down”  weaponry  that  will 
cause  extensive  changes  in  radar  presentation,  impacting  radar 
simulation,  especially  as  applied  by  FDL.  These  changes  can  more 
easily  be  absorbed  by  a digital  approach  than  by  analog. 

6 . 4 RECOMMENDATIONS 

The  primary  factors  to  be  considered  in  establishing  FDL 1 s 
sensor  simulation  capability  are  funding,  the  state  of  the  art  in 


both  sensor  and  simulation  technology,  and  facility  schedules  and 
plans  as  outlined  in  the  5-Year  Plan.  These  factors  are  obviously 
interrelated  but  the  funding  profiles  available  to  FDL  are  of 
prime  importance.  The  available  funds  will  significantly  influ- 
ence the  approach  to  and  the  sequence  of  facility  modernizations. 
Obviously,  a major  and  abrupt  switch  to  digital  hardware  such  as 
GIG. and  DRLMS  will  require  large  initial  expenditures  and  cause 
lengthy  interruptions  to  facility  operations.  An  alternate  ap- 
proach would  be  to  use  existing  equipment  to  its  best  advantage 
through  a modification  program  and  simultaneously  begin  the 
long-term  acquisition  of  more  sophisticated  hardware* 


In  recognition  of  these  cost  and  schedule  factors  it  is  recom- 
mended that  a multi-step  approach  to  upgrading  the  sensor  simula- 
tion capability  at  FDL  be  adopted.  A carefully  planned  approach 
will  provide  useful  simulation  capabilities  over  the  interim  peri- 
od required  to  fund  and  acquire  the  ultimately  desired  facilities. 


This  first  approach  (i.e.,  completely  modernizing  the  facility 
and  procuring  new  equipment)  should  be  considered  as  the  long-term 
goal.  The;  conclusion  reached  during  the  study  is  that  new  sensors 
are  emerging  which  provide  a much  higher  capacity  for  information 
than  present  systems.  These  new  sensors  will  demand  new  approach- 
es to  their  simulation  and  reach  beyond  the  practical  and  theoret- 
ical limits  of  present  or  upgraded  FDL  equipment.  The  new 
approaches  will  include  an  all-digital  approach  to  sensor  simula- 
tion. New  CIG  equipment  and  DRLMS' s will  be  needed  to  meet  the 
goals  of  the  upcoming  years.  Although  this  represents  the  most  com- 
plete and  technically  sound  approach,  the  acquisition  costs  are 
high  and  the  facility  would  not  be  responsive  to  immediate  simula- 
tion needs,  as  procurement  would  probably  take  as  long  as  2 to  3 
years. 


The  sequential  approach  recommended  to  avoid  these  problems 
is  as  follows  t 


1)  Modify  the  existing  CMS  to  gain  IR  and  TV  capability  by 
incorporating  different  paints  of  varying  reflectivity  on 
the  modelboard  and  different  enhancement  levels  of  video. 

2)  Augment  the  existing  T-10  ARLMS  as  suggested  in  5. 1.5. 5 
and  experiment  with  different  combinations  of  varying 
levels  of  signals  from  the  FSS  scanning  radar  reflectivi- 
ty transparency  and  radar  terrain  elevation  transparency. 

3)  Start  acquisition  procedures  for  a CIG  and  a DRLMS • 

items  1)  and  2)  are  short-range  goals  which  can  be  accom- 
plished at  reasonable  cost.  A number  of  modification  programs 
could  be  considered  for  the  CMS.  The  following  recommendations 

are  made  to  upgrade  the  current  FbL  CMS* si 

. - » 

1)  Optical  redesign  - Using  Figure  6. 3. 1-1/  and  a knowledge 
of  the  mission  requirement  a tradeoff  must  be  made  to 
arrive  at  a desired  optical  design.  An  optical  system 
could  be  configured  with  an  iris  to  allow  various  aper- 
tures to  be  used,  or  for  economy  purposes,  the  lens  could 
be  scaled  for  a particular  FOV  and  system  resolution. 

2)  Optical  probe  servo  upgrade  - Useful  image  correlations 
can  be  obtained  between  Instrument  and  visual  presenta- 
tion by  redesigning  the  servo  drive  package.  The  primary 
effort  would  involve  adding  position  sensing  devices  to 
each  of  the  servo  drive  systems.  This  effort  will  likely 
lead  to  adding  more  slip  rings,  moving  of  mechanical  arms 
to  provide  clearance  for  position  sensors  of  adequate 
resolution,  and  integrating  closed  loop  feedback  tech- 
niques either  through  the  computer  or  through  external 
electronic  designs. 


3)  Probe  protection  - Low-level  flight  over  general  terrain 
boards  is  very  difficult  with  standard  probe  protection 
networks.  Improvements  have  been  made  over  the  years  in 
implementation  of  probe  protection  schemes  that  account 
for  any  cause  of  model  or  probe  error  in  position.  Much 
effort  has  been  spent  at  FDL  developing  software  pro- 
tection techniques#  but  this  needs  to  be  supplemented  by 
newer  hardware  protection  techniques  developed  for  modern 
camera  model  systems. 

Figure  6.4-1  shows  the  physical  packaging  of  the  Probe 
Height  Sensor  (PHS)  and  how  it  is  mounted  on  the  probe* 
The  light  is  emitted  by  the  laser#  focused  by  the  micro- 
scope objective#  and  folded  close  to  the  probe  "snout"  by 
the  fold  prism.  After  it  strikes  the  modelboard  it  is 
gathered  by  the  pick-up  mirror#  which  folds  the  light 
through  the  bandpass  filter  into  the  lens#  which  images 
it  to  the  linear  array  on  the  circuit  board  by  way  of  a 
fold  mirror.  The  mirrors  are  used  to  keep  the  packaging 
close  to  the  axis  of  the  probe  to  reduce  inertia  and 
avoid  compromising  the  performance  of  the  probe  heading 
servo*  Slip  rings  carry  power  into  and  signals  out  of 
the  PHS  since  thu  whole  device  is  carried  with  the  probe 
heading  assembly. 

4)  Increased  pitch  mechanism  - Since  many  of  the  newer  sen- 
sors have  large  pitch  control#  it  is  vital  to  increase 
the  now  limited  pitch  range  by  modifying  the  mechanisms. 
8ince  most  techniques  to  increase  the  pitch  control  in- 
clude adding  a prism  to  replace  the  mirror#  the  impact  of 
the  prism  should  be  studied.  Prisms  usually  are  bulkier 
than  mirrors#  so  Bervo  control  and  board  clearance  are 
affected.  It  would  be  appropriate  to  design  a replace- 
able pitch  mechanism  to  allow  either  a mirror  or  prism# 
depending  on  the  mission  involved.  A further  step  would 


NOTE:  PROBE  HEIGHT  SENIOR  SHOWN  IN  IT8 
FRONT  WINDOW  CONFIGURATION 


Figure  6.4-1 
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PHYSICAL  PACKAGING  OF  PROBE  HEIGHT  SENSOR 
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be  to  have  a series  of  mirrors  to  match  the  aperture 
used  in  the  system,  since  the  smaller  the  mirror  (and 
the  smaller  the  aperture)  the  closer  the  probe  can  get 
to  the  board. 


5)  Increased  system  resolution  - Many  of  the  modern  re- 
v in ions  are  designed  around  875-line  standard.  The 
camera  and  probe  system  should  be  upgraded  to  allow 
performance  at  the  875-line  standard,  using  some  of  the 
newer  camera  model  techniques  developed  over  the  past  10 
' years.  The  latest  visual  systems  are  1023-line  systems. 


In  addition  it  is  recommended  that  video  processing  capa- 
bility be  added  for  sensor  simulation.  As  discussed  in 
earlier  sections,  this  processing  capability  is  avail- 
able: off  the  shelf  and  although  there  are  some  short 
comings,  it  does  provide  a cost-effective  short-term 
simulation  capability  for  most  sensors,  especially  in 
the  IR  And  S-0  category.  A more  ambitious  modification 
would  be  -to 'acquire  a new  probe  with  more  pitch  capabil- 
ity and  to  change  the  system  to  color.  A number  of  sys- 
tems of  this  type  have  been  built  and  are  in  government 
inventory.  The  possibility  exists  that  some  equipment 
might  be  available  for  these  modifications  on  a surplus 
basis. 


This  study  has  examined  the  details  and  limitations  of  CMS's 
in  great  detail.  It  should  be  noted  that  these  modifications  do 
not  solve  the  major  problems  of  narrow  POV  closeness  of  approach, 
and  correlation  to  out-the-window  scenes  and  weapons. 


This  study  has  also  examined  the  details  and  latent  capabil- 
ities of  the  T-10  ARLMS.  Since  this  system  is  primarily  film- 
limited  and  since  modifications  to  the  tri-color  plates  are  rather 
expensive,  any  one-time  modifications  to  this  system  which  would 


generate  significant  performance  gains  are  not  considered  to  be 
economically  feasible.  However,  it  is  known  that  the  U.S,  Air 
Fores  has  embarked  on  a similar  improvement  program  and  it  is 
highly  recommended  that  FDL  work  with  the  appropriate  U.S.  Air 
Force  program  office  to  reduce  or  circumvent  development  costs. 
With  the  modifications  proposed  for  the  U.S.  Air  Force  the  T-10 
would  become  a useful  interim  tool  for  radar  simulation  at  FDL. 


Finally,  the  long-range  plan  must  be  to  acquire  digital  tech- 
nology through  a series  of  major  acquisitions.  The  CIG  should  be 
prgoure{l  first  to  provide  a replacenant  for  the  CMS  and  eventually 
a DRLM8  should  be  acquired  to  replace  the  T-10. 


This  systematic  approach  will  provide  immediate  capability 
through  the  use  of  existing  equipment,  will  allow  acquisition 
costs  to  be  distributed  over  longer  time  periods,  and  will  allow 
-as  much  time  as  possible  for  advancements  in  simulation  technology 
before  funds  are  committed. 


6.5  COST  ESTIMATES 

.Table  6.5-1  gives  soms  relative  cost  estimates  for  existing 
hardware.  These  figures  are  intended  only  as  guidelines  and 
should  not  be  interpreted  as  price  quotations  or  even  price 
estimates  for  a specific  product  line. 


Obviously,  these  costs  will  vary  with  options,  modifications, 
maintenance,  and  inflation,  and  therefore  should  only  be  used  for 
comparison  of  major  system  approaches. 


Table  6.5-1  COST  ESTIMATES  (MILLIONS) 
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.7hti n*jor  components  of  the  P-111  CIG  are  frame  calculator, 
•canline  computer,  video  generator,  CPU  with  peripherals,  and  a 

data  base. 

The  major  oomponenta  of  the  B-52  CIG  are  essentially  the  same 
as  that  of  the  F-lll  CXG.  The  coat  increase  is  due  to  improved 
scene  quality  with  reduced  scintillation  and  reduced  aliasing, 
teotloh  5.6.2  dascrlbesthe  methodoiogyof~B-52  evs  simulation. 
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TEXAS  INSTRUMENTS  INFRARED/ELECTRO-OPTICS 
PRESENTATION 
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THERMAL  IMAGE  PROCESSING  OVERVIEW 
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ELECTRO  OPTICS  SYSTEM  EVOLUTION 
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FUR  PROCESSING  THRUSTS 
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ALGORITHM  DEVELOPMENT 


• IMAGE  ENHANCEMENT 

• OPERATOR  AIDED  CUEING 

• TRACKING 
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EVOLUTION  AND  SHIFT  OF  SENSOR  FUNCTIONS 
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APPENDIX  B 


HUGHES  AIRCRAFT  PRESENTATION 


MULTI -SPECTRAL  SENSOR  CUING 
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MULTI-SPECTRAL 
TARGET  CUEING  (MYSTIC) 
FOR  NAVY  STRIKE  WARFARE 

APPLICATIONS 
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AUTOMATIC  TARGET  SCREENING/CLASSIFICATION 
MULTI-SENSOR  CORRELATiCN/CLA§SIFICATIO!'4 
PRECISION  SENSOR  ALIGNMENT  AND  TARGET 


CANDIDATE  PHOFILES  WITH  AND  WITHOUT  ADVANCED  IIITE6RATED  AVIONICS 
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Diffraction  Optics  widen,  brighten  view 
in  new  Hughes  Head4Jp  Display 


Development 

The  Air  Material  Department  of  the  Swedish  Defense 
Material  Administration  initiated  the  development  of  a 
diffraction  optics  HUD  in  1975  with  SRA  Communication 
AB  as  the  prime  contractor  and  Hughes  Aircraft  Com- 
pany as  the  subcontractor  for  the  design  and  fabrication 
of  the  optical  portions  of  the  HUD.  Through  this  coopera- 
tive effort  the  first  flyable  functional  model  of  a diffraction 
optics  HUD  was  produced  in  early  1977. 


More  than  one  hundred  flights  with  the  diffraction  optics 
HUD  installed  in  a Viggen  test  aircraft  have  been  made, 
validating  the  basic  design  concept.  The  improvement  in 
the  combiner  see-through,  enlargement  of  the  instanta- 
neous field  of  view  and  increase  in  symbol  brightness 
have  been  favorably  accepted. 
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Concept 

Hughes  D HUD  employs  the  unique  concept  of  dif- 
fraction optics  rather  than  the  refractive  optics  used 
in  previous  head-up  displays  (HUD).  Diffraction 
optics  are  true  thin  film  lenses  which  are  manufac- 
tured by  holographic  recording  techniques.  With  this 
thin  film  lens  technique,  the  collimating  lens  can  be 
buih  into  the  combining  glass  instead  of  using  a com- 
biner which  is  a partially  silvered  minor  as  is  the  case 
with  previous  HUDs.  The  diffraction  oottes combiner 
allows  use  of  a single  combiner  for  lar;*  fields  of 
view.  Spurious  images  and  reflections  an?  greatly 
reduced  or  eliminated  as  a result  of  this  thin  fibn  lens 
and  the  single  combiner. 
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WIND  SCfttiN 


The  Diffraction  Combiner/Collimater  Provides  a Larger 
Instantaneous  Field  of  View. 
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BEST  AVAILABLE  COPY 


Features 

Urgi  hataatancoai  fields  at  view  (IFOV): 

□ The  collimating  lens  is  as  large  as  the 
combining  glass. 

□ Flight  test  D HUD  IFOV  is  20°  vertical  by 
35°  horizontal. 

□ Large,  wide  IFOV  enhances  capability  to  use 
FLIR/TV  video  on  the  HUD. 


□ High  efficiency  with  P-43  phosphor  CRT  is  up  to 
three  times  brighter  than  previous  HUDs. 

□ Symbology  is  visible  when  flying  into  the  sun. 

□ FLIR/TV  video  can  be  used  over  a wider  range  of 
ambient  light  conditions. 

Improved  “see-through”  capability: 

□ Narrow  spectral  properties  renders  the  lens  prac- 
tically transparent  to  the  pilot’s  view. 

□ Air-to-Air/Air-to-Ground  Visibility  is  improved. 

□ Flight  safety  is  enhanced  In  low  altitude-poor 
visibility  conditions. 


□ No  support  frame  is  required,  only  minimum 
stabilizer  struts. 

□ Targets  and  outside  world  are  not  obscured.  No 
need  to  look  “around”  support  frame.  * 

Lower  life  cycle  cost: 

□ The  CRT/HVPS  components  have  been  the 
primary  cause  of  system  failures.  Higher  optical 
efficiency  reduces  the  required  stress  level  on  the 
CRT  and  HVPS,  resulting  in  improved  reliability 
and  reduced  maintenance  requirements. 

Operationally  tested: 

□ Tested  on  "Viggen”  fighter  aircraft  since  1977. 

□ Accuracy  is  validated. 

□ Environmental  stability  is  proven. 

□ Sun  Reflection  is  less  than  other  HUDs. 


Comparison* 


Instantaneous 
Field  of  View: 

Transmission: 

Reflectance  (Average): 

Symbol  Brightness  (max): 
Contrast  Ratio 
(10,000  IL  ambient): 

Raster  Brightness: 


CONVENTIONAL 
OPTICS  HUO 

11.5*  elevation 
17.0*  azimuth 

70% 

25% 

1.600  »L 

1.2 

400  IL 


diffraction 
OPTICS  HUD 

20.0‘  elevation 
35.0*  azimuth 

85% 

80% 

5.000  IL 

1.6 

1.200  IL 


Improved  visibility  of  targets  and  terrain 


DIFFRACTION  COMBINER  IS  MORE  TRANSPARENT  TO  THE  PILOT 


Improved  Image  brightness 


OlFFRACTtON  COMBINER  IS  3 TO  4 TIMES  MORE  EFFICIENT 
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HUGt  (EG  AlHCnAFT  COMPANY 

AUlOr.l'ACC  CIIOUI'S 
HAOAH  1.,'STl  >.'U  CiMOUP 
f'.O.  OCX  '-WO 
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INTERFACES: 

1. 

Stroke/Raster  Mode  Select 

+5V 

Logic  Level 

2. 

X-Oeflection  (Stroke) 

+5V 

Into  75  Ohms 

3. 

Y-Deflection  (Stroke) 

+5V 

Into  75  Ohms 

4. 

7. -Axis  (Stroke)/Driuht-Up 

0/+2.5V 

Into  75  Ohms 

5. 

TV  Video  (Raster) 

EID  STD  RSI 70 

1 Volt  Composite  Video 

Can  bo  modified  for  other  deflection  or  video  levels,  separate  sync  and  video. 
Assumes  MAC  suitcase  is  used  for  LVPS;  lab.  supplies  may  be  substituted. 
OPERATING  PARAMETERS 


1.  Writing  Speed: 

Raster:  Up  to  30  psec. /diameter 
(-100,000  inches/sec.) 

Stroke:  250  nsec. /diameter 

( -12,000  inches/sec.) 

2.  Deflection  Bandwidth  (Small  Signal): 

Greater  than  1.2  MHz 

3.  Deflection  Setting  Time: 

Less  than  2.5  nsec. 


Preceding  Page  Blank 


A.  Slew  Rate: 


Faster  Than  10  psoc. /diameter 

( ■ 300,000  iuchos/r.oc, ) 
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AETMS  PERFORMANCE  GOALS 


AREA  STORED:  10,000  SQUARE  MILES 

ELEVATION  ACCURACY:  ♦ 30  FEET 

UPDATE  RATE:  15  Uz.  MAX 

DISPLAY:  16  COLORS  / 16  GRAY  SHADES  (MONO) 

RECOGNITION:  256  LINES  X 256  PIXELS 

SENSOR  INPUTS:  GPS,  RADAR,  FLIR,  LORAN  INERTIAL 

MODES: 

• STATIC  MAP  - VEHICLE  MOVES 

• DYNAMIC  MAP  - VEHICLE  STATIC 

• PERSPECTIVE 

• PLANVIEW 
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APPENDIX  0 


U.S.  DEFENSE  MAPPING  AGENCY  DATA 

The  U.S,  Defense  Mapping  Agency  has  assembled  digital  map  data  for 
certain  areas  of  the  earth.  Their  source  material  includes  aerial 
photographs,  topographic  charts,  remotely  sensed  imagery,  and  ground 
truth  information.  DMA  data  is  intended  for  such  applications  as 
static  mc.p  generation,  radar  landmass  simulation,  flight  simulation, 
and  cockpit  displays  for  high-speed  low  flying  aircraft. 

The  DMA  supplies  two  categories  of  data:  terrain  and  culture 
files.  A terrain  file  is  an  array  of  elevation  values  for  a region  of 
the  earth.  The  sampling  interval  of  the  terrain  is  a function  of 
latitude  (sea  Table  D-l).  The  elevation  array  for  each  terrain  region 
is  stored  on  magnetic  tape  at  two  different  resolutions,  A culture 
file  holds  the  descriptions  of  man-made  and  ecological  surface  features 
within  a given  terrain  region.  Most  feature  types  are  represented  by  a 
polygonal  boundary  and  a coded  description.  However,  the  locations  of 
some  features  such  as  bridges,  dams,  walls,  and  pipelines  are  given  as 
polygonal  lines,  while  others  such  as  tall  buildings  and  water  towers 
are  given  as  points. 

Culture  polygons  are  assigned  both  a predominant  surface  material 
and  a more  specific  surface  description.  The  13  general  categories  of 
surface  materials  are  given  in  Table  D-2 . As  an  example,  the  general 
category  assigned  to  a culture  polygon  may  be  trees.  The  particular 
subclasses  under  this  heading  are  orchard,  deciduous  forest,  conferous 
forest,  evergreen,  and  mixed  forest.  Each  tract  of  trees  is  given  a 
predominant  tree  height. 
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TABLE  D-l  DMA  TERRAIN  DATA  INTERVALS 


level  1 

Level 

2 

Latitude 

Latitude  by  Longitude 

Latitude 

by 

Longitude 

0*  - 50*  N-S 

3 

by  3 sec 

1 

by 

1 sec 

50°  - 70*  N-S 

3 

by  6 sec 

1 

by 

2 sec 

70°  - 75*  N-S 

3 

by  9 sec 

1 

by 

3 sec 

75°  - 80*  N-S 

3 

by  12  sec 

1 

by 

4 sec 

80°  - 90*  N-S 

3 

by  18  sec 

1 

by 

6 sec 

TABLE  D-2  THIRTEEN  DMA  PREDOMINANT  MATERIAL  TYPES 

1.  Metal 

2.  Part  Metal 

3.  Stone/Brick 

4.  Composition 

5.  Earthen  Works 

6.  Water 

7.  Desert/Sand 

8.  Rock 

9.  Aaphalt/Concre te 

10.  Soil 

11.  Marsh 

12.  Trees 

13.  Snow/Ice 


*\ 


t, 

,1 


■ 1 L*  L • . * •**>.' 


A/D 

AAH 

ADI 

AETMS 

AGC 

AIDS 

AL 

AMRL 

ARLMS 

AWAVS 

CCD 

CCTV 

CEP 

CFAR 

CID 

CIG 

CMS 

CPU 

CRT 

CTS 

D/A 

DAIS 

DBS 

DDB 

DDBTP 

DF 

DIG 

DM  A AC 

DRG 

DRLMS 

DSC 

DVRS 

E-0 


GLOSSARY  OF  ABBREVIATIONS  AND  ACRONYMS 

analog-to-digital 

Advance  Attack  Helicopter 

automatic  direction  indicator 

Airborne  Electronic  Terrain  Map  System 

automatic  gain  control 

Advanced  Integrated  Display  System 

Avionics  Laboratory 

Air  Force  Material  Research  Laboratory  • 

analog  radar  landmass  simulator 

Aviation  Wide  Angle  Visual  System 

charge -coupled-device 

Closed  Circuit  Television 

circular  error  probability 

constant  false  alarm  rate 

charge -injection-device 

computer  image  generator 

canter  a model  system 

central  processing  unit 

cathode  ray  tube 

Cartographic  Technical  Squadron 

digital- to- analog 

Digital  Avionic  Information  System 
Doppler  Beam  Sharpening 
digital  data  base 

Digital  Data  Base  Transformation  Program 

direction  finding 

digital  image  generator 

Defense  Mapping  Agency,  Aerospace  Center 

Cigital  Raster  Graphics 

digital  radar  landmass  simulator 

digital  scan  converter 

Digital  Video  Recording  System 

electro- optical 
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s*  EAR 

ECCM 
ECM 
EVS 
EW 
FDL 

pet 

FLIR 
FLOLS 
PLR 
FOV 
FSS 
FY 

GMT  I 
GMTT 
GPS 
HDD 
HMD 
HSD 
HUD 
IF/FC 
IF/WC 
IM 
INS 
IR 

IRST 
ISIT 
I VC 
JTIDS 
LAMARS 
LANTIRN 


LED 

LLLTV 

LOAL 

LOTAWS 


electronically  agile  radar 

electronic  counter-countermeasures 

electronic  countermeasures 

Electro-Optical  Viewing  System 

electronic  warfare 

Flight  Dynamics  Laboratory 

field  effect  transistor 

forward-looking  infrared 

Fresnel  Lane  Optical  Landing  System 

forward-looking  radar 

field  of  view 

flying-spot  scanner 

fiscal  year 

ground  moving  target  indication 
ground  moving  target  track 
Global  Position  System 
heads-down  display 
helms t-moun ted  display 
horizontal  situation  display 
head-up  display 
Integrated  Flight/Fire  Control 
Integrated  Flight/Weapon  Control 
Inertial  Measurement 
Inertial  Navigation  System 
infrared 

infrared  search  and  track 

Intensified  Silicon  Intensified  Target 

International  Video  Corporation 

Joint  Tactical  Information  Display  System 

Large  Amplitude  Multimode  Aerospace  Simulation 

Low-Altitude  Navigation  Targeting  Infrared  for  Night 

light-emitting  diode 

low-light-level  television 

lock  on  after  launch 

Laser  Obstacle  and  Terrain  Avoidance  Warning  System 
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LPI 

low  probability  intercept 

LSAD 

left  situation  advisory  display 

LSB 

least  significant  bit 

LSIG 

Laser  Scanner  Image  Generator 

LST 

laser  spot  tracker 

LWR 

laser  warning  receiver 

MFD 

multifunction  display 

MI  IR 

missile  imaging  infrared 

MOS 

metal  oxide  semi-conductor 

MRI 

Monopulse  Resolution  Improvement 

MSLS 

Missile  Site  Location  System 

MTF 

modulation  transfer  function 

MTI 

moving  target  indication 

MTT 

moving  target  tract 

MYSTIC 

Multispectral  Target  Cuing 

NOE 

nap  of  the  earth 

NTEC 

Naval  Training  Equipment  Center 

OAS 

Orbital  Aeroflight  Simulator 

PA3s 

Passive  Active  Acquisition  Avoidance  System 

PbO 

Lead  Oxide 

PHS 

probe  height  sensor 

PMT 

Photo-Multiplier  Tube 

PPI 

plan  position  indicator 

PRF 

pulse  repetition  frequency 

RAMTAC 

Radar  Target  Classification  System 

RGB 

red,  green,  blue 

RHAWS 

Radar  Homing  and  Warning  Systems 

RSAD 

right  situation  advisory  display 

RWM 

radar  warning  mode 

SAR 

synthetic  aperture  radar 

SCAMP 

Scanned  Motion  Picture 

SCR 

Silicon  Control  Rectifier 

SDA 

Silicon  Diode  Array 

SIT 

Silicon  intensified  Target 

SNR 

s ignal- to-no ise  ratio 
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SOTA 

state  of  the  art 

sew 

Statement  of  Work 

SPO 

Simulator  Procurement  Office 

STC 

sensitivity  time  control 

TA 

terrain  avoidance 

TF 

terrain  following 

TI 

Texas  Instruments!  Inc. 

TOW 

tracking,  optical,  wire 

TSIS 

Total  System  Integration  Simulator 

TV 

television 

UTC 

United  Technologies  Research  Center 

VAMP 

variable  An amorphic  Motion 

VHSIC 

very  high  speed  integrated  circuits 

VSD 

vertical  situation  display 

VTR 

video  tape  recorder 

WSO 

weapon  System  Operator 

ZMN 

zero  memory  nonlinearity 
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